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The  Center  for  Environmental  Change,  Inc.  is  a  non-profit  Community 
Design  Center  affiliated  with  the  Department  of  Architecture  at  the 
University  of  California,  Berkeley.    The  Center  was  established  in  1979 
and  has  provided  Bay  Area  communities  and  non-profit  organizations  with 
research,  planning  and  architectural  assistance  on  more  than  100 
projects.    The  past  work  includes  the  design  of  new  self-help  housing, 
rehabilitation  of  existing  housing,  day  care  centers,  health  clinics, 
theaters,  parks,  churches,  and  other  community  facilities.  Neighborhood 
and  land  use  planning  studies,  advocacy  planning  and  a  variety  of 
educational  programs  and  publications  on  housing  rehabilitation  and 
seismic  retrofit  compliment  the  Center's  architectural  services. 

For  Information  on  the  Center  contact  the  director:  Inman  A.  Rouce, 
Center  for  Environmental  Change,  Inc.,  1721  63rd  Street,  Berkeley, 
California  94703,  (415)  428-1187,  or  Professor  Mary  Comerio,  Department 
of  Architecture,  University  of  California,  Berkeley,  California  94720, 
(415)  642-4942. 
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EXECUTIVE  SUMMARY 


Protecting  the  housing  stock  in  downtown  neighborhoods  has  been  a 
concern  in  the  city  of  San  Francisco  for  some  years.    The  city  has 
recognized  that  buildings  in  neighborhoods  like  Chinatown,  the 
Tenderloin,  and  the  Bush  Street  Corridor  are  a  valuable  and  irreplaceable 
resource  of  low-income  housing.    As  a  result  the  city  has  consistently 
enacted  legislation  1  to  keep  the  buildings  from  being  torn  down  and  to 
keep  the  housing  units  from  being  converted  to  other  uses. 

Unfortunately,  most  of  the  buildings  in  these  neighborhoods  were 
built  in  the  period  between  1906  and  1925  and  they  are  made  of 
unreinforced  brick.    Recent  experiences  in  the  United  States,  Japan, 
China,  Italy  and  Yugoslavia,  have  made  it  clear  that  brick  buildings,  as 
part  of  a  category  of  building  types  known  as  unreinforced  masonry  (URM), 
are  particularly  vulnerable  during  earthquakes.    In  the  same  vein,  recent 
advances  in  structural  engineering  have  led  building  officials  in 
earthquake-prone  areas  to  consider  new  building  codes  that  would  require 
owners  to  retrofit  URM  buildings  to  new  standards  for  seismic  safety. 

While  everyone  would  agree  that  making  buildings  safer  and  protecting 
the  lives  of  citizens  is  a  worthy  under  taking,  the  cost  of  seismic 
upgrading  could  force  building  owners  to  demolish  marginal  buildings, 
evict  tenants  during  the  construction  process,  and  raise  rents 
significantly.    As  such,  it  is  important  to  look  at  the  particular 
circumstances  in  San  Francisco  before  enacting  legislation.    There  are 
769  unreinforced  masonry  residential  buildings  with  approximately  10,000 
apartment  units,  10,000  residential  hotel  units  and  5,000  units 
classified  as  "tourist"  hotel  units.    Seventy  percent  of  all  the  URM 
housing  units  are  located  in  Chinatown,  the  Tenderloin,  and  the  Bush 
Street  Corridor,  the  remaining  30%  are  located  in  adjacent  downtown 
neighborhoods.    In  the  Chinatown  core,  more  than  50%  of  the  residential 
building  stock  is  built  of  unreinforced  masonry.    In  the  Tenderloin  the 
figure  is  40%.  With  so  many  low-income  housing  units  at  risk,  we  should 
understand  the  economic  and  social  costs  of  a  retroactive  seismic 
upgrading  ordinance,  before  enacting  one. 

This  study  looks  at  a  range  of  seismic  upgrading  measures  for 
prototypical  residential  buildings  in  San  Francisco  and  their  associated 
construction  costs.    It  also  looks  at  the  financial  profile  of  owners  of 
and  tenants  in  URM  buildings  in  order  to  assess  the  impact  of  a  new 
building  code,  and  to  make  recommendations  for  a  policy  that  improves  the 
life  safety  of  the  existing  residential  building  stock  and  at  the  same 
time  maintains  that  stock  as  low-income  housing. 

On  the  engineering  side  of  the  question,  there  is  a  great  deal  of  new 
knowledge  about  building  failure  but  very  few  buildings  which  have  been 


'Numerous  ordinances  can  be  cited  from  the  very  specific  such  as  the  Residential  Hotel 
Preservation  Ordinance  in  1979  to  the  more  general  reduction  of  height  limits,  historic 
districting,  and  moratoriums  on  new  construction. 
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seismical ly  upgraded  have  been  in  an  actual  earthquake.    Therefore,  how 
much  bracing  is  required  or  what  construction  methods  work  best  are 
subjects  of  some  debate  in  the  engineering  community.    It  is  generally 
agreed  that  bolting  the  floors  and  walls  together  (which  prevents  the 
exterior  masonry  wall  from  falling  outward  and  away  form  the  wood  frame 
interior)  provides  a  significant  margin  of  safety  for  a  minimal  cost. 
For  San  Francisco  buildings  this  cost  is  approximately  $6  per  square  foot 
or  about  $1000  per  unit. 

Although  some  engineers  would  agree  that  this  is  all  that  need  be 
done  to  improve  the  life  safety  of  residential  buildings,  our  consultants 
and  most  engineers  would  not  be  comfortable  with  such  a  cook-book 
solution.    Because  the    size,  shape  and  height  of  a  building  influence 
how  well  the  building  resists  lateral  force,  each  building  needs  to  be 
evaluated  individually  to  determine  the  minimum  amount  of  strengthening 
required  to  make  it  safe. 

For  example,  94%  of  the  residential  buildings  in  San  Francisco  are 
similar  to  our  study  prototype  2.  These  are  rectangular,  3  or  4  story 
apartment  or  hotel  buildings  sometimes  with  a  commercial  ground  floor. 
Because  the  particular  building  we  studied  was  long  and  narrow,  and  there 
were  no  interior  supports  in  the  commercial  space,  the  building  required 
some  shear  bracing  at  the  ground  floor  level  in  addition  to  the  anchor 
bolts.    The  cost  for  this  retrofit  was  approximately  $10  per  square  foot. 

Cities  that  have  adopted  retroactive  codes  have  adopted  requirements 
that  are  more  stringent  than  what  we  have  recommended  as  a  minimum 
acceptable  level  of  safety.    But  even  these  codes  recognize  that  it  is 
impossible  to  bring  old  buildings  up  to  the  most  current  building  code 
requirements.    Seismic  strengthening  requirements  for  existing  buildings 
are  generally  based  on  occupancy  and  use  as  well  as  a  specific  level  of 
lateral  force  resistance.    Different  cities  have  adopted  different 
standards.    Santa  Rosa  uses  the  1955  Uniform  Building  Code  (UBC)  as  a 
basis  for  its  lateral  force  requirements.    Long  Beach  originally  used  the 
1976  UBC  but  later  reduced  lateral  force  requirements  to  the  level  of  the 
1970  UBC.    Current  San  Francisco  requirements  are  equivalent  to  the  1973 
UBC,  but  these  apply  only  when  a  change  of  use  or  a  substantial  amount  of 
renovation  work  triggers  the  seismic  upgrading  requirement. 

For  this  study  we  used  the  lateral  force  requirements  in  the  Los 
Angeles  ordinance  for  strengthening  levels  1  &  2  and  the  1985  UBC  for 
level  3.    The  costs  to  seismically  upgrade  typical  San  Francisco 
buildings  to  levels  1  and  2  range  from  $16  to  $25  per  square  foot,  while 
level  3  costs  are  approximately  $38  per  square  foot. 

Experience  1n  other  cities  has  shown  that  when  seismic  upgrading  is 
required,  owners  use  the  requirement  as  an  opportunity  to  repair  other 
code  violations  and  do  cosmetic  rehabilitation  work.    This  additional 
work  is  often  required  by  financial  institutions  that  want  to  see 
improved  economic    value  if  the  property  acquires  more  debt.    If  seismic 
costs  range  from  $4-6000  per  unit,  owners  are  typically  spending  an 
additional  $8,000  per  unit  for  other  rehabilitation. 
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What  do  these  costs  mean?    For  tenants,  every  $1,000  of  upgrading 
cost  translates  into  a  $13.22  per  month  rent  increase  under  allowable 
rent  pass-throughs  in  the  current  San  Francisco  Rent  Stabilization 
Ordinance.    This  means  that  if  the  total  upgrading  costs  $5,000  per  unit, 
the  allowable  monthly  rent  increase  is  $66  per  month;  if  upgrading  costs 
$10,000  per  unit,  the  rent  increase  is  $132;  if  upgrading  costs  $15,000, 
the  rent  increase  is  $198;  and  so  on. 

Currently  the  average  rent  for  a  residential  hotel  unit  in  Chinatown 
is  $150  per  month.    In  the  Tenderloin  a  residential  hotel  room  is 
$250-275,  and  a  studio  apartment  is  $300-450.    For  the  Bush  Street 
Corridor,  an  occupied  studio  rents  for  $450-480  while  a  vacant  studio  is 
on  the  market  for  $525. 2  Rents  are  particularly  low  in  Chinatown  because 
people  tend  to  live  in  one  place  on  average  of  10-15  years  whereas  the 
turnover  rate  in  the  Tenderloin  and  Bush  Street  areas  is  6  months.  The 
population  in  each  of  the  three  neighborhoods  is  by  all  account  very  low 
income  and  predominantly  elderly. 

More  than  75%  already  pay  more  than  30%  of  their  income  for  housing. 
For  this  population,  anything  more  than  $10  to  $30  rent  increase  would  be 
a  severe  hardship.    Even  more  frightening  would  be  the  inevitable 
displacement.    It  is  very  difficult  to  do  seismic  rehabilitation  with 
tenants  in  place  and  in  San  Francisco,  with  a  vacancy  rate  of  less  than 
1%,  low  rent  replacement  housing  is  simply  non-existent. 

Another  concern  for  tenants  and  owners,  1s  the  real  possibility  that 
a  significant  number  of  buildings  would  be  torn  down.  Economically 
marginal  buildings  (buildings  whose  incomes  could  not  support  increased 
debt)  would  simply  not  qualify  for  rehabilitation  loans. 

Although  we  were  unable  to  do  a  specific  breakdown  by  owner,  national 
statistics  suggest  that  60%  of  the  owners  of  downtown  residential 
buildings  are  "mom  &  pop's"  who  depend  on  their  building  as  a  source  of 
income.    The  majority  of  buildings  in  Chinatown  have  been  held  by  the 
same  owner  for  at  least  15  years.    (Only  3  URM  buildings  have  changed 
ownership  1n  the  last  5  years.)  Because  banks  tend  to  require  a  higher 
than  normal  (often  40%)  equity  position  for  Chinatown  building  owners  to 
obtain  financing,  because  these  buildings  have  been  held  for  a  long 
period,  and  because  ground  floor  commercial  space  commands  $4-5  per 
square  foot  rents,  Chinatown  buildings  tend  to  have  positive  cash  flows 
despite  low  residential  rents.    But  these  owners,  primarily  individuals 
and  family  associations,  would  have  the  most  difficulty  in  obtaining 
rehabilitation  financing  and  can  least  afford  to  lose  income. 

In  the  Tenderloin  and  Bush  Street  areas,  rents  are  increasing  with 
more  rapid  tenant  turnovers  and  there  seems  to  be  an  healthy  market  in 
residential  buildings  (at  least  12  sales  of  URM  buildings  per  year  since 
1981)  despite  the  fact  that  current  rents  are  not  covering  the  building 
expenses  and  debt  service.    One  could  speculate  that  people  are  buying 


^Under  the  current  law  landlords  are  allowed  to  raise  rents  more  than  4%  a  year  if  a  unit 
becomes  vacant. 
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buildings  in  hopes  of  raising  rents,  but  it  is  hard    to  imagine  that 
owners  who  are  currently  operating  with  negative  cash  flows  would  be  able 
to  increase  their  debt  for  a  seismic  retrofit. 

In  essence  anything  but  the  minimal  seismic  upgrading  would  have  a 
significant  negative  impact  on  building  owners  and  tenants.    That  is  not 
to  say  that  a  seismic  rehabilitation  program  should  not  exist,  but  that  a 
building  code  alone  could  cause  more  housing  problems  than  .it  solves. 
Thus  we  suggest  that  policy  makers  recognize  that  different  levels  of 
safety  and  risk  already  exist  in  our  buildings  as  in  most  aspects  of 
society.    We  live  with  the  inefficiencies  and  inadequacies  of  our  older 
buildings  even  though  we  develop  more  stringent  standards  for  new 
construction,  just  as  we  accept  the  fact  that  our  school  districts  cannot 
buy  a  new  fleet  of  school  buses  every  year  even  though  it  would  be 
"safer"  for  our  children.    Thus  there  is  nothing  wrong  with  bringing  a 
1915  building  up  to  the  safety  standards  of  1964  even  though  it  would  be 
"safer"  to  bring  it  up  to  1973  or  1985  standards. 

The  question  of  how  much  safety  should  be  mandated  is  always 
difficult  for  policy-makers.    It  is  hard  to  put  a  dollar  value  on  the 
cost  of  a  life  increase  life-safety  in  downtown  neighborhoods.  However, 
to  preserve  and  maintain  the  low-income  housing  stock  in  China  town,  the 
Tenderloin  and  the  Bush  Street  Corridor,  we  recommend  that  as  part  of  a 
general  earthquake  hazards  reduction  ordinance  for  unreinforced  masonry 
buildings,  the  city  require  only  the  minimum  upgrade  requirements  for  all 
buildings  with  housing  units. 3  The  code  should  be  written  to  require 
bolting  floors  and  walls  as  a  base  for  the  minimum  with  some  latitude  for 
engineering  judgment  regarding  the  need  for  additional  bracing  because 
the  building  has  a  "soft"  first  story  or  other  feature  that  would  require 
additional  strengthening  to  meet  the  acceptable  minimum.     The  State 
Historic  Building  Code  and  the  Uniform  Code  for  Building  Conservation  set 
a  precedent  for  this  type  of  code. 

To  further  protect  the  low-income  housing  stock,  the  ordinance  should 
discourage  demolition  of  existing  buildings,  and  should  include  specific 
provisions  for  a  city  sponsored  and  coordinated  program  for  citing  and 
scheduling  buildings  for  renovation.    The  ordinance  must  be  crafted  to 
work  with  the  city's  rent  stabilization  ordinance  to  insure  adequate 
relocation  assistance  and  fair  rent  Increases.    Of  course,  the  ordinance 
must  not  conflict  with  other  city  housing  and  zoning  regulations.    To  be 
effective  1n  San  Francisco,  an  earthquake  hazards  reduction  ordinance 
should  be  more  than  a  building  code,  1t  should  be  a  comprehensive  program 
for  building  and  housing  conservation. 

This  Implies  that  the  Implementation  of  such  an  ordinance  must  be  as 
carefully  designed  as  the  ordinance  itself,  Including  a  city  sponsored 
program  to  provide  financing  assistance  for  economically  marginal 
buildings  which  house  low-income  tenants.    Finally,  the  city  should 


JA  number  of  cost-benefit  studies  show  that  once  minimal  upgrading  requirements  are  met,  a 
10%  increase  in  lives  saved  would  require  a  100%  increase  in  costs.  (See  Chapter  4.) 
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carefully  manage  and  phase  the  implementation  of  a  seismic  rehabilitation 
program,  organizing  and  maintaining  a  temporary  housing  relocation  site 
for  tenants  whose  buildings  are  under  construction.    To  run  effectively 
with  cooperation  among  numerous  city  departments  and  agencies  this  kind 
of  program  needs  a  20  year  timeline. 

The  total  cost  of  a  sensitive  seismic  upgrading  program  is  difficult 
to  compute.    Let  us  assume  that  to  meet  minimum  seismic  rehabilitation 
standards  will  cost  an  average  of  $23,000  per  unit  and  that 
rehabilitation  costs  for  the  repair  of  code  violations  and  other 
cosmetic/architectural  work  will  average  5-8,000  per  unit.    For  25,000 
units  the  seismic  cost  is  approximately  $50-75  million  while  the  total 
rehabilitation  cost  ranges  from  $175-275  million.    Of  course  these  are 
average  figures  which  do  not  include  costs  for  the  provision  of  temporary 
housing  or  program  management. 

Even  so,  the  costs  are  not  unreasonable  or  unmanageable.  Direct 
financial  assistance  for  owners  might  be  available  through  state  and 
federal  grant/or  loan  programs,  (e.g.,  Community  Development  Block 
Grants,  HUD  programs,  tax  exempt  bonds,  etc.)  Indirect  financial 
assistance  may  come  from  a  new  state  seismic  tax  credit,  or  federal  tax 
savings  created  by  incentives  in  the  1986  tax  reform  for  seismic 
improvements . 

The  materials  in  this  study  provide  the  background  issues  for 
analyzing  and  implementing  policies  and  programs  on  earthquake  hazards 
and  housing.    The  limited  and  preliminary  suggestions  on  how  to  finance  a 
seismic  upgrading  program  are  intended  only  to  point  out  that  it  is 
conceivable  and  possible  to  develop  a  earthquake  hazards  reduction 
ordinance  and  conserve  the  precious  low-income  housing  stock  in  San 
Francisco.    Ultimately,  the  issue  is  not  the  price  tag  for  such  a 
program,  nor  is  it  how  much  of  that  cost  should  be  paid  by  the  city.  The 
real  issue  for  the  city  is  to  decide  to  make  seismic  safety  and  housing 
conservation  a  policy  priority. 
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CHAPTER  I:  INTRODUCTION 


While  it  is  commonly  acknowledged  that  the  San  Francisco  Bay  Region 
is  vulnerable  to  earthquakes,  the  magnitude  of  this  threat  has  perhaps 
been  forgotten  by  the  general  public  due  to  the  lack  of  major  seismic 
activity  in  the  past  several  decades.    However,  in  1868  movement  along 
the  Hayward  fault  produced  an  earthquake  of  magnitude  7  on  the  Richter 
Scale  and  in  1906  the  great  San  Francisco  earthquake  of  Richter  magnitude 
8.3  resulted  from  movement  along  the  San  Andreas  fault.    These  two  faults 
are  part  of  a  system  of  at  least  ten  known  active  faults  lying  beneath 
the  San  Francisco  Bay  Region.    (See  Figure  1.)  These  faults,  although 
relatively  quiet  in  recent  decades,  are  all  capable  of  producing 
earthquakes  of  6.0  or  greater  Richter  magnitude.1  Further,  one  could 
reasonably  expect  not  just  large,  but  catastrophic  earthquakes  in  the  Bay 
Area  at  any  time.2 

The  protection  of  life  and  property  during  earthquakes  is  largely 
entrusted  to  the  engineering  profession.    The  1933  Long  Beach  quake  made 
quite  explicit  the  significant  threat  to  life  safety  posed  by 
earthquakes,  and  society  demanded  new  safety  regulations  and  a  working 
technology  capable  of  complying.    Thus  seismic  building  codes  and 
construction  technology  have  evolved  since  1933.    Subsequent  earthquake 
experiences  have  added  to  the  body  of  engineering  knowledge  and  new 
perceptions  of  associated  risks. 

Until  relatively  recently,  codes  regulating  seismic  force 
requirements  had  focused  primarily  on  new  construction.    The  implied 
attitude  was  that  existing  buildings  would  soon  be  replaced  and  it  was 
not  worthwhile  to  upgrade  the  existing  building  stock.    However,  recent 
interest  in  preservation  and  building  conservation  have  increased  the 
life-span  of  older  buildings.    As  a  result,  in  the  last  decade  there  has 
been  increased  concern  with  seismic  regulations  specific  to  the 
renovation  of  existing  buildings. 

Building  collapse  is  the  primary  threat  to  life  safety  in  an 
earthquake,  and  the  buildings  most  vulnerable  to  collapse  are  those  made 
of  unreinforced  masonry  (URM)  bearing  walls.    Buildings  of  this  type  were 
generally  built  before  implementation  of  the  1933  Uniform  Building  Code. 
These  buildings  were  typically  not  designed  for  the  resistance  of  lateral 
loads  induced  by  a  major  damaging  earthquake.    The  masonry  wall  does  not 
contain  any  steel  or  other  types  of  reinforcement,  causing  the  wall  to 
have  a  lower  shear  resistance.    Brick  buildings  are  particularly 
hazardous  because  there  is  no  continuity  in  the  structure,  and  the  old 
lime  mortar  loses  bonding  capability  over  time,  and  often  fails  during 
earthquakes.    Further,  the  floors  and  roof  are  generally  not  tied  to  the 
walls,  and  so  in  an  earthquake  they  tend  to  push  the  walls  out,  inducing 
collapse. 


'Bay  Area  Earthquake  Study,  Earthquake  Preparedness  in  the  San  Francisco  Bay  Region, 

September  1984,  Pg.  10. 

2Ibid. 
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Figure  1 

Major  Active  Faults  in  the  San  Francisco  Bay  Region 


Source:  Bay  Area  Earthquake  Preparedness  in  the  San  Francisco  Bay 
Region,  1984. 
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Current 


Region 

Fault  System 

Richter 
Magnitude1 

Annual 
Probabi 1 i  ty 
of 

Occurrence 
( Percent) 

Likel ihood 
of 

Occurrence 
in  Next 
20-30  Years 

Los  Angeles- 
San  Bernadino 

Southern 
San  Andreas 

8.3 

2-5 

High 

San  Francisco 
Bay  Area 

Northern 
San  Andreas 

8.3 

1 

Moderate 

San  Francisco 
Bay  Area 

Haywa rd 

7.4 

1 

Moderate 

Los  Angeles 

Newport- 
Inglewood 

7.5 

0.1 

Moderate- 
Low 

San  Diego 

Rose  Canyon 

7.0 

0.01 

Low 

Ri  vers  i  de 

San  Bernardino 

Cucamonga 

6.8 

0.1 

Moderate- 
Low 

Los  Angeles 

Santa  Monica 

6.7 

0.01 

Low 

^This  is  the  estimated  largest  magnitude  earthquake  expected  at  a  reasonable  level  of 
probability.    The  main  shock  can  be  expected  to  be  followed  by  large  aftershocks  over  a 
period  of  weeks  or  longer.    Each  large  aftershock  would  be  capable  of  producing  additional 
significant  damage  and  hampering  disaster  assistance  operations. 


Figure  2 

Probability  of  Major  Earthquake  in  California 


Source:    ASSESSMENT  OF  THE  CONSEQUENCES  AND  PREPARATIONS  FOR  A 

CATASTROPHIC  CALIFORNIA  EARTHQUAKE:  FINDING  AND  ACTIONS  TAKEN, 
Prepared  by  the  Federal  Emergency  Management  Agency  from  an 
analysis  caried  out  by  the  National  Security  Council  Ad  Hoc 
Committee  on  Assessment  of  Consequences  and  Preparations  for  a 
Major  California  Earthquake.    Washington,  D.C.,  1980. 
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This  study  recognizes  the  potential  hazards  posed  by  the  unreinforced 
masonry  building  stock  in  San  Francisco,  especially  because  this  building 
stock  is  concentrated  in  downtown  neighborhoods.    At  the  same  time,  we 
recognize  that  the  neighborhoods  with  the  highest  concentrations  of 
unreinforced  masonry  housing  units,  Chinatown,  the  Tenderloin  and  the 
Bush  Street  Corridor  are  inhabited  primarily  by  low  and  moderate  income 
people,  many  of  them  elderly  and  on  fixed  incomes. 

Thus,  the  purpose  of  this  study  is  to  bring  together  concerns  for 
life  safety  and  housing  conservation,  in  order  to  develop  policy 
recommendations  for  improving  the  buildings  with  minimal  disruption  to 
the  community.    The  study  has  two  major  parts.    The  first  is  an 
investigation  of  seismic  strengthening  methods,  building  code 
requirements,  and  construction  costs.    The  second  part  is  an 
investigation  of  the  financial  characteristics  of  residential  buildings 
in  Chinatown,  the  Tenderloin,  and  the  Bush  Street  Corridor  in  order  to 
assess  the  impact  of  seismic  upgrading  costs  on  building  owners  and 
tenants . 

In  the  engineering  component  the  methodology  was  to  review  all 
pertinent  state  and  local  seismic  codes,  and  compare  these  to  the 
policies  of  other  jurisdictions  in  the  western  region  which  have  enacted 
seismic  safety  ordinances.    Particular  attention  was  paid  to  Los  Angeles 
because  their  1981  ordinance  represents  the  latest  model  for  cities  with 
large  numbers  of  URM  buildings.    We  also  reviewed  the  "state  of  the  art" 
engineering  designs  and  construction  details  in  order  to  understand  the 
levels  of  life  safety  associated  with  various  retrofit  techniques  and 
code  requirements.    With  this  technical  information  in  hand  we  used  the 
Bureau  of  Building  Inspection's  (BBI)  Survey  of  Hazardous  Buildings  to 
select  a  number  of  prototypical  residential  buildings  for  detailed 
engineering  and  cost  studies. 

In  the  housing  component,  the  methodology  was  to  use  the  BBI  Survey 
of  Hazardous  buildings  to  identify  concentrations  of  unreinforced  masonry 
residential  stock,  and  then  to  collect  demographic  and  financial  data  on 
these  areas.    Because  census  data  is  nearly  8  years  old,  we  conducted 
extensive  interviews  with  banks,  building  owners,  property  managers, 
tenants,  family  associations,  community  organizations  and  city  agencies 
to  collect  current  information  on  rents,  operating  expenses,  and  general 
financial  conditions  by  neighborhood.    We  created  a  number  of  financial 
prototypes  from  these  detailed  case  studies  so  that  typical  building 
renovation  costs  could  be  evaluated  against  typical  economic  conditions. 

As  we  will  demonstrate,  compliance  with  current  codes  and  standards 
is  very  expensive.    To  enact  a  retroactive  seismic  upgrading  ordinance  in 
San  Francisco  based  on  the  Los  Angeles  model  would  put  a  significant 
number  of  inner-city  housing  units  at  risk.    These  could  be  described  in 
three  problem  areas:  Loss  of  housing  units  through  demolition, 
displacement  of  tenants  through  required  relocations  and  rental 
increases,  and  lack  of  available  funding  to  subsidize  upgrading  costs 
and/or  rents. 
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Applicable  to  California  Buildings  Constructed  Priot  to  1933.* 
See  Text  and  References  Cited  in  the  Bibliography  for  Limitations 

Deaths/10,000 


Simplified  Description  of  Building  Construction  Class  Occupants 


Small  wood  frame,  such  as  the  average  older  home  4 

Large  wood  frame,  such  as  large  older  apartment  buildings  10 

Small  all-metal  buildings,  such  as  gasoline  stations  4 

Large  all-metal  buildings,  such  as  large  factories  15 

Steel  frame,  such  as  older  as  older  multistory  buildings  10-50 
Steel  frame,  such  as  auditoriums  and  similar  large  open  areas  50-1500 

Reinforced  concrete,  such  as  older  multistory  buildings  100-500 
Reinforced  Concrete,  such  as  auditoriums  and  similar 

large  open  areas  200-2500 

Mixed  construction,  such  as  concrete  walls,  wood  roof 

and  floors  800-2000 

Mixed  construction,  such  as  unreinforced  brick  walls,  wood 

roof  and  floors  4000 


*Modern  reinforced  earthquake  resistive  brickwork  was  an  unknown 
product  before  the  1933  Long  Beach  earthquake. 

Note:    Table  condensed  from  Steinbrugge  and  others,  1979. 


Figure  3 

Maximum  Probable  Deaths  Per  10,000  Occupants 


Source:  Steinbrugge,  Karl  V.  and  Henry  J.  Lagorio,  "Relative  Earthquake 
Safety  in  Buildings,"  California  Geology,  June  1985. 
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Economically  marginal  building  owners  would  be  unable  to  obtain 
public  or  private  financing  for  seismic  improvements  and  these  buildings 
would  be  demolished  and  lost  as  a  housing  resource.    Where  building 
renovation  would  be  possible  financially,  the  nature  of  the  construction 
work  would  require  the  building  to  be  empty.    The  relocation  problems  for 
tenants  in  downtown  neighborhoods  is  staggering.    Finally,  the  prospects 
for  federal  and  state  financing  assistance  are  negligible.    With  current 
resources,  the  city  would  only  be  able  to  help  a  small  portion  of  the 
building  owners  with  low  cost  financing.    This  means  that  the  greatest 
portion  of  the  seismic  upgrading  costs  would  be  passed  through  to  tenants 
as  rent  increases.    In  some  areas  it  is  doubtful  whether  or  not  the 
market  could  bear  significant  (50  to  100%)  rent  increases.    Clearly,  such 
increases  would  be  exceedingly  difficult  for  the  current  inhabitants  to 
absorb. 

Fortunately,  our  research  has  shown  that  the  policy  choices  are  not 
black  and  white.    By  choosing  realistic  standards  for  building 
rehabilitation  and  designing  a  careful  implementation  program,  the  city 
can  achieve  substantial  improvements  in  life  safety  without  undue  cost 
disruption  or  displacement. 
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CHAPTER  II:    UNREINFORCED  MASONRY  HOUSING 


CONDITIONS  IN  SAN  FRANCISCO 

INTRODUCTION 

Of  San  Francisco's  208,000  housing  units  20,349,  or  /9.8%,  are 
located  in  unreinforced  masonry  or  seismically  hazardous  buildings.  Most 
of  these  buildings  are  located  in  the  areas  known  as  Chinatown  and  the 
Tenderloin  where  51%  and  43%,  respectively,  of  the  housing  units  are 
located  in  unreinforced  masonry  buildings.    These  units  are  inhabited 
primarily  by  low  and  moderate-income  people,  many  of  them  elderly  and  on 
fixed  incomes.    Large  numbers  of  these  units  are  considered  substandard, 
that  is,  they  are  overcrowded  and  do  not  have  private  bathrooms.    If  the 
residents  of  these  units  are  dislocated  by  eviction,  rent  increases,  or 
building  demolition,  it  is  likely  that  many  will  be  unable  to  find 
replacement  housing.    Many  will  be  unable  to  afford  a  higher  rent  and 
will  be  unlikely  to  find  housing  at  the  same  or  lower  rent  levels  than 
they  are  currently  paying  since  they  are  already  in  the  lowest  cost 
housing  in  the  city. 

In  this  chapter  we  will  explain  where  most  of  the  unreinforced 
masonry  residential  units  are  located,  describe  the  quality  of  the 
housing  in  these  units,  and  identify  some  financial  characteristics  of 
the  people  who  live  in  them.    Later  in  the  Chapter  we  will  examine  the 
cash  flow  of  these  seismically  hazardous  residential  buildings  and  the 
financial  decisions  that  building  owners  will  face  if  various  seismic 
upgrading  ordinances  are  adopted.    Among  other  options,  owners  may  be 
able  to  use  a  seismic  upgrading  ordinance  to  evict  tenants  and  demolish 
the  building,  or  upgrade  the  building  into  a  different  rental  market,  or 
an  owner  may  be  able  to  justify  a  substantial  rent  increase  due  to  the 
cost  of  upgrading.    If  any  of  these  options  are  chosen,  the  current 
residents  of  these  buildings,  who  are  disproportionately  poor  and  on 
fixed  incomes,  may  join  the  ranks  of  San  Francisco's  street  people. 
Policy  makers  will  need  to  carefully  evaluate  potential  reactions  to  a 
given  upgrading  ordinance  and  the  eventual  effect  on  building  tenants. 
They  must  determine  if  the  decreased  risk  of  death  and  injury  from  a 
future  earthquake  is  worth  the  probability  of  immediately  increasing  the 
number  of  homeless,  or  if  an  ordinance  can  be  crafted  that  will  increase 
safety  without  displacing  residents. 

There  are  approximately  130,000  buildings  in  San  Francisco.  Of 
these,  the  Bureau  of  Building  Inspection  has  identified  2058,  or  1.6%, 
that  are  constructed  of  unreinforced  masonry  and  therefore  considered 
seismically  hazardous.    Of  the  19,600  residential  buildings  in  San 
Francisco,  the  Bureau  of  Building  Inspection  found  769,  or  3.9%  that  are 
seismically  hazardous  due  to  construction  materials.    These  769  buildings 
contain  approximately  20,349  residential  units  which  is  9.8%  of  the 
city's  housing  stock.    (See  Table  1.)    In  addition,  these  buildings 
contain  an  additional  5138  "tourist"  hotel  units,  many  of  which  are 
probably  used  on  a  residential  basis. 
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The  majority  of  these  unreinforced  masonry  residential  units  are 
among  the  lowest  quality  housing  in  the  city.    Half,  50.5%,  are 
residential  hotel  units,  many  without  private  plumbing  and  overcrowded. 
As  we  will  show  below,  over  70%  of  these  units  are  located  in  areas  of 
the  city  known  as  Chinatown,  the  Tenderloin,  and  what  we  call  the  Bush 
Street  Corridor,  areas  where  much  of  the  housing  is  substandard  and  many 
of  the  residents  have  very  low  incomes. 


San  Francisco        URMs  in  Percent  of  Bldgs 

Total  San  Francisco     that  are  URM  (a) 


Buildings  130,000  2058  1.6% 

Residential  Building  19,600  769  3.9% 

Residential  Hotel  Buildings  556  249  44.8% 

Apartment  Buildings  18,722  376  2.0% 

Other  Residential  (a)  (b)  322  144  44.7% 


Table  1  A 

Unreinforced  Masonry  Buildings  in  San  Francisco 
As  a  Percentage  of  Building  Stock 


(a)  Calculated  from  BBI  data 

(b)  Other  residential  includes  condos,  flats,  co-ops  and  dwelling  units 
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San  Francisco        URMs  in  Percent  of  Bldgs 

Total  San  Francisco     that  are  URM  (a) 


Residential  Units  280,000  20,349  9.8% 

Apartment  Units  156,829  10,069  6.4% 

Residential  Hotel  Units  19,085  10,280  53.9% 

Tourist  Hotel  Units  28,313  5,138  18.1% 


Table  1  B 

Residential  Units  in  Unreinforced  Masonry  Buildings 

in  San  Francisco 


(a)  Calculated  from  BBI  data 

(b)  Other  residential  includes  condos,  flats,  co-ops  and  dwelling  units 


Source:    San  Francisco  Department  of  Public  Works,  Bureau  of  Building 
Inspection  (BBI)  Survey  of  Hazardous  Buildings,  1986,  and 
Property  Conservation  Division  Apartment  and  Hotel  Statistics, 
1986. 


Residential  Number  Percent  of 

URM  buildings  in  SF  of  bldgs.  URM  Res.  Bldgs 


Apartment  Buildings  376  49% 

Hotels  249  32% 

Flats  76  10% 

Single-family  dwellings  55  7% 

Condos  &  Other  13  2% 


Total  URM  Residential  Bldgs.    769  100% 


Table  1  C 

Residential  URM  Buildings  in  San  Francisco 
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Selection  of  Census  Tracts 

In  order  to  determine  the  demographic  characteristics  of  the 
residents  of  these  buildings,  we  identified  the  census  tracts  with  a  high 
proportion  of  unreinforced  masonry  buildings.    (See  Figure  1  and  Table 
2.)    To  facilitate  our  later  discussion  of  the  financial  conditions  of 
these  buildings,  we  have  grouped  these  tracts  into  neighborhoods  because 
we  have  found  that  we  can  generalize  about  such  characteristics  as  debt 
service  and  rental  income  according  to  the  area  of  the  city  in  which  the 
buildings  are  located.    Five  of  the  census  tracts  we  will  be  describing 
(107,  113,  114,  115,  118)  are  generally  included  in  the  Chinatown  area, 
one  (119)  we  call  the  Bush  Street  Corridor,  and  six  (120,  121,  122,  123, 
124,  125)  are  included  in  the  Tenderloin  or  North  of  Market  Street  area. 
The  areas  encompassed  by  these  census  tracts  do  not  completely  coincide 
with  "neighborhood"  boundaries.    However,  as  they  do  represent  a  close 
approximation,  we  have  grouped  them  together  in  order  to  facilitate  a 
comparative  analysis  of  population  and  building  finance  characteristics. 
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Percent  of  Residential  Bldgs.  that  are  URM: 
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Adjacent  Tracts 

With  Significant 

URM  Residential  Bldgs. 


Figure  4 

Density  of  URM  Residential  Buildings 
by  Census  Tract 
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Nunoer  or 

Mi  mUa  v>    r\4-    T  TDM 

Numoer  or  ukm 

*  or  wbs. 

Census  I 

Residential 

Residential 

that  are  URM 

Tract  1 

Buildings 

Buildings 

Buildings  (a) 

CHINATCWN  I 

113  I 

123 

35 

28% 

114  | 

71 

59 

83% 

118  | 

48 

36 

75% 

subtotal  core  area  I 

242 

130 

54% 

107  1 

195 

21 

10% 

115  | 

15 

13 

87% 

neighborhood  subtotal  I 

452 

164 

36% 

BUSH  31  CORRIDOR  1 

MS  i 

119  1 

164 

27 

16% 

TENDERLOIN  1 

122  I 

135 

61 

45% 

123  I 

114 

36 

32% 

124  I 

107 

43 

40% 

125  I 

83 

35 

42% 

subtotal  core  area  ! 

439 

175 

40% 

120  I 

97 

58 

60% 

121  | 

110 

48 

44% 

neighborhood  subtotal  | 

646 

281 

43% 

TOTAL  1 

1262 

472 

37% 

(a)  Calculated  from  BBI  data 

Table  2 

Percentage  of  URM  Residential  Buildings 
in  Select  Study  Area 


Source:     San  Francisco  Department  of  Public  Works,  Bureau  of 

Building  Inspection  (BBI)  Survey  of  Hazards  Buildings, 
1986,  and  Property  Conservation  Division  Apartment  and 
Hotel  Statistics,  1986. 
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Other  census  tracts  in  San  Francisco  that  have  over  100  residential 
units  in  more  than  five  unreinforced  masonry  buildings  are  shown  in  Table 
3.    All  except  131  adjoin  the  tracts  listed  in  Table  2.    Although  these 
five  census  tracts  also  have  a  relatively  high  number  or  proportion  of 
unreinforced  masonry  residential  units,  we  did  not  use  them  in  our 
analysis  because  the  demographic  characteristics  of  these  tracts  are  too 
varied  to  enable  us  to  draw  conclusions  from  an  average  number.  For 
example  tract  117  includes  a  portion  of  the  area  known  as  Chinatown  as 
well  as  a  large  portion  of  the  financial  district.    The  average  income  of 
the  residents  of  this  tract  does  not  render  a  meaningful  description  of 
people  living  in  URM  buildings  because  there  are  a  significant  number  of 
upper  income  households  in  modern  residential  units  included  in  the 
average. 


Census 
Tract 


Number  of 
URM 

Residential 
Buildings 


Number  of 
URM 

Residential 
Units 


Number  of 
URM 

Apartment 
Units 


Number  of 
URM 

Residential 
Hotel  Units 


106 
111 
117 
131 
176 


11 
12 
20 
19 
23 


173 
248 
874 
379 
1339 


53 
174 
277 
379 
151 


120 
74 
597 
0 

1188 


Table  3 

Unreinforced  Masonry  Residential  Buildings  and  Units  in 
Census  Tracts  Adjacent  to  Select  Study  Area 


Source:    San  Francisco  Department  of  Public  Works,  Bureau  of  Building 
Inspection  (BBI)  Survey  of  Hazardous  Buildings,  1986,  and 
Property  Conservation  Division  Apartment  and  Hotel  Statistics, 
1986. 
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NEIGHBORHOOD  BUILDING  CONDITIONS 


In  Chinatown  3660  units,  or  51%  of  the  housing  stock  are  in 
unreinforced  masonry  buildings.    (See  Table  4.)    In  the  three  census 
tracts  that  make  up  the  core  area  of  this  neighborhood  this  figure  rises 
to  58%.    Note  that  2718  units,  or  38%  of  the  housing  units  in  Chinatown 
are  residential  hotel  units  in  unreinforced  masonry  buildings.    In  the 
Tenderloin  area,  43%  of  the  housing  units  are  in  unreinforced  masonry 
buildings,  and  20%  are  residential  hotel  units  in  unreinforced  masonry 
buildings.    The  Bush  Street  Corridor  has  4074  residential  units  of  which 
22%  are  in  unreinforced  masonry  buildings. 

It  is  extremely  doubtful  that  residents  displaced  from  these  units 
could  find  housing  at  comparable  rent  levels  as  rents  in  these  areas  are 
well  below  the  average  for  most  of  the  city.    Our  study  team  gathered 
rental  and  other  financial  data  for  residential  buildings  in  the  study 
areas  as  explained  in  detail  in  Appendix  2.    Table  5  summarizes  the 
rental  data  we  gathered.    Occupied  unit  rents  tend  to  be  lower  due  to  the 
city  rent  control  ordinance  that  often  stabilizes  rents  at  a  lower  than 
market  rate.    These  rents  reflect  what  current  residents  are  paying. 
Advertised  rent  for  vacant  units  reflects  market  prices  in  these  areas. 
While  these  prices  are  higher  than  occupied  unit  rents,  they  are  still 
well  below  rent  levels  in  most  other  areas  of  the  city. 
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1 

Nunber  of 

Number  of 

%  of 

1 

Res*  dntl 

Number  of 

Res' dntl 

Res*  dntl 

i 
1 

Nunoer  or 

units  in 

Apt.  units 

Hotel  um  ts 

Units  in 

Census  1 

Res'  dntl 

CRM 

in  URM 

in  URM 

URM 

Tract  1 

Units 

Buildings 

Buildings 

Buildings 

Buildings 

CHINATOWN  | 

113  1 

1,351 

473 

241 

232 

35% 

114  I 

1,821 

1,265 

312 

953 

69% 

118  | 

747 

1  AC 

i  an 

73% 

Subtotal  core  area  I 

3,919 

2,281 

799 

1,482 

58% 

107  I 

2,578 

793 

48 

745 

31% 

115  I 

698 

586 

32 

554 

84% 

Neighborhood 

Subtotal  | 

7,195 

3,660 

879 

2,718 

51% 

BUSH  STREET 

1 

CORRIDOR 

1 

119  | 

4,074 

902 

770 

132 

22% 

TENDEFLOIN  | 

122  | 

3,827 

1,707 

1,185 

522 

45% 

123  I 

4,385 

1,804 

597 

1,217 

41% 

124  I 

4,197 

1,426 

618 

808 

34% 

125  1 

6,060 

1,817 

558 

1,259 

45% 

Subtotal  core  area  | 

16,469 

6,754 

2,958 

3,796 

41% 

120  I 

3,010 

1,441 

1,019 

422 

48% 

121  | 

3,076 

1,425 

1,199 

226 

46% 

Neighborhood 

subtotal  | 

22,555 

9,620 

5,176 

4,444 

43% 

TOTAL 

33,824 

14,182 

6,825 

7,294 

42% 

(a)  Calculated  from  BBI  data 


Table  4 

Number  and  Percentage  of  Residential  Units  in 
Unreinforced  Masonry  Buildings  in 
Select  Study  Area  Census  Tracts 

Source:      San  Francisco  Department  of  Public  Works,  Bureau  of 

Building  Inspection  (BBI)  Survey  of  Hazardous  Buildings, 
1986,  and  Property  Conservation  Division  Apartment  and 
Hotel  Statistics,  1986. 
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Average  Rent  in  Dollars  Per  Month 


1 

CHINATOWN 

BUSH  ST.  OORRHOR 

TENDERLOIN 

OCCUPIED  1 

Studio  Apartment  I 
1-Bedroom  Apartment! 
Residential  Hotel  Unit! 

1 

$235 
265 
150 

$400-500 
450-650 
N.A. 

$300-450 
430-530 
250-275 

1 

VACANT  1 

Studio  Apartment  I 
1-Bedroom  Apartment  j 
Residential  Hotel  Unit  I 

1 

$450 
550 
200-225 

$450-525 
625 
N.A. 

$425-525 
500-675 
300-330 (a) 
380-420 (b) 

(a)  without  bath 

(b)  with  bath 


Table  5 

Average  Rents  for  Occupied  and  Vacant  Residential  Units 
in  Select  Study  Area:  1986 

Source:      Data  collected  by  study  team.    See  Appendix  1,  Section3 
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SOCIAL  CONDITIONS 


Using  1980  census  data,  we  found  that  in  the  study  census  tracts 
residents  are  disproportionately  poor,  many  are  on  fixed  incomes,  and 
they  tend  to  pay  a  substantial  portion  of  their  income  for  substandard 
housing.    Twenty  to  thirty  percent  of  the  households  in  the  census  tracts 
with  a  high  proportion  of  unreinforced  masonry  buildings,  are  headed  by 
people  65  or  older  and  therefore  presumably  on  fixed  incomes.    In  some  of 
the  Chinatown  tracts,  the  number  of  households  headed  by  older  people  is 
as  much  as  40  and  45  percent  of  the  total  number  of  households  in  the 
tract.  (See  Table  6.)    In  addition,  unemployment  in  these  tracts  is 
higher  than  in  the  rest  of  the  San  Francisco  SMSA,  income  is  lower,  and 
the  number  of  households  on  social  security  or  other  public  assistance  is 
higher.    While  7.3  percent  of  families  in  the  SMSA  earn  incomes  that 
place  them  below  the  poverty  level,  all  but  one  of  the  Chinatown  census 
tracts  report  10  percent  of  families  below  the  poverty  level  with  one 
tract  reporting  20  percent.    In  the  Tenderloin  tracts,  the  number  of 
families  below  the  poverty  level  ranges  from  18  to  48  percent  of  the 
total  (see  Table  7.) 

Between  44  and  80  percent  of  the  households  in  these  tracts  earned 
less  than  $10,000  in  1979.    Of  these,  between  44  and  83  percent  paid  over 
thirty  percent  of  their  income  for  rent  (See  Table  8.)    Much  of  the 
housing  that  these  people  rented  appears  to  be  substandard.    Compared  to 
1.8  percent  for  the  SMSA,  with  two  exceptions,  11  to  30  percent  of  the 
housing  units  in  these  tracts  do  not  have  a  private  bathroom.  Further, 
many  of  the  units  are  very  overcrowded.    Seven  to  thirty-six  percent 
house  more  than  one  person  per  room.    Only  4.8  percent  of  the  housing 
units  in  the  whole  SMSA  are  this  crowded  (See  Table  9.) 

Table  10  shows  the  range  of  the  figures  that  are  described  above  and 
listed  in  Tables  6  through  9,  for  each  of  our  three  study  neighborhood 
areas  and  for  the  San  Francisco  SMSA.    Chinatown,  with  51%  of  its 
residential  units  in  unreinforced  masonry  buildings,  appears  to  have  more 
people  on  fixed  incomes  and  more  substandard  housing  than  the  other 
areas,  although  all  three  have  a  higher  number  of  older  people  and  more 
substandard  housing  than  the  SMSA  as  a  whole.    While  all  tracts  have  a 
high  unemployment  rate  and  low  median  income  compared  to  the  SMSA,  the 
Tenderloin  area,  with  43%  of  its  residential  units  in  unreinforced 
masonry  buildings,  is  particularly  high  in  unemployed  and  low-income 
people.    All  three  neighborhoods  have  a  far  higher  percentage  of  people 
living  below  the  poverty  level  than  does  the  whole  SMSA.  With 
approximately  half  the  people  in  each  areas  earning  less  than  $10,000  a 
year,  well  over  half  are  paying  over  30%  of  their  income  for  housing. 
Compared  to  the  SMSA  as  a  whole,  Chinatown  has  a  very  large  number  of 
housing  units  which  are  considered  substandard  as  they  lack  private 
plumbing  and  are  overcrowded.    Substandard  housing  conditions  are  almost 
as  prevalent  in  the  Tenderloin.    Compared  to  the  other  two  areas,  the 
Bush  Street  Corridor,  with  22%  of  its  housing  units  in  unreinforced 
masonry  buildings,  appears  to  have  very  little  substandard  housing, 
although  compared  to  the  SMSA,  the  amount  is  high. 
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It  is  doubtful  that  the  people  who  live  in  these  areas,  and  who  are 
already  paying  more,  as  a  percentage  of  income,  for  less,  could  find 
cheaper  or  replacement  housing  if  these  units  were  to  become  unavailable, 
or  that  they  could  afford  to  pay  more  rent  if  the  units  became  more 
expensive.    Policy  makers  should  weigh  the  tradeoffs  between  safer 
housing  versus  no  housing  for  those  who  will  be  forced  to  live  on  the 
streets,  and  should  consider  that  those  who  might  be  able  to  afford  a 
rent  increase  may  prefer  a  unit  with  a  private  bathroom  or  extra  living 
space  over  one  which  is  seismically  safer. 
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FINANCIAL  CASE  STUDIES  OF  RESIDENTIAL  URM  BUILDINGS 


INTRODUCTION 

As  the  data  in  the  previous  section  demonstrate,  the  URM  housing 
stock  in  San  Francisco  is  a  critical  housing  resource,  particularly  for 
low-income  and  fixed  income  tenants.    The  critical  negative  consequences 
of  a  seismic  upgrading  ordinance  are:  increased  rents  as  costs  are  passed 
through  to  tenants,  extreme  upgrading  or  "gentri f ication"  of  buildings, 
displacement  due  to  demolition,  and/or  lowered  operating  and  profit 
margins  for  owners. 

In  order  to  evaluate  the  potential  effects  of  a  retrofit  ordinance  on 
this  crucial  housing  stock  one  must  understand  the  economic  circumstances 
of  the  affected  buildings.    Because  this  financial  information  is  of  a 
confidential  nature,  our  research  design  faced  limitations.  A 
comprehensive  building  by  building  survey  would  have  been  extremely 
expensive,  and  would  have  encountered  significant  resistance  by  owners  to 
revealing  personal  financial  information.    A  research  design  based  on 
random  sampling,  was  rejected  for  this  reason  as  well.    In  addition, 
since  there  is  wide  variation  in  such  building  characteristics  as  rental 
history,  neighborhood,  ownership  form,  and  debt  service,  it  would  have 
been  necessary  to  select  an  extremely  large  total  sample  in  order  to 
achieve  statistical  significance  for  each  subgroup  of  buildings.    Nor  was 
it  possible  to  simply  select  and  analyze  a  single  representative  building 
of  each  major  physical  type.    Although  the  buildings  in  our  study  can 
usefully  be  categorized  into  a  few  physical  types,  their  financial 
circumstances  are  significantly  more  diverse.    Field  research 
consistently  reveals  that  so  far  as  real  estate  finance  is  concerned, 
"every  building  is  different." 

For  these  reasons  we  chose  to  develop  prototypes  representing  typical 
URM  residential  structures.    The  economic  prototypes  are  similar  to  those 
analyzed  in  the  engineering  portion  of  this  study.    However,  the  economic 
prototypes  do  not  exist  as  actual  individual  buildings.    Their  financial 
pro  formas  are  carefully  blended  hypothetical ,  constructed  from  data 
collected  on  nearly  100  buildings  owned  by  private  individuals, 
management  companies,  family  associations,  and  nonprofit  corporations. 

To  build  the  financial  prototypes,  the  study  team  first  reviewed  the 
physical  characteristics  and  known  ownership  patterns  of  URM  residential 
structures  in  the  study  neighborhoods.    Based  upon  this  review  we 
selected  seven  categories  representing  the  most  common  URM  structures. 
Although  the  majority  of  buildings  are  privately  owned,  we  have  included 
two  examples  of  nonprofit-owned  buildings  since  their  income  and  expense 
characteristics  differ  substantially  from  buildings  under  private 
ownership. 

We  developed  financial  pro  formas  for  these  prototypical  buildings 
using  data  obtained  from  a  variety  of  sources.    These  included:  income 
and  expense  statements  for  specific  buildings  that  owners  and  property 
managers  provided,  petitions  filed  with  the  San  Francisco  Residential 
Rent  Stabilization  Board,  detailed  sales  listings  provided  by  real  estate 
brokers,  and  information  published  in  the  San  Francisco  Board  of 
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Realtors'  Multiple  Listings  Service.    In  addition,  we  used  information 
from  City  Assessor's  records  and  data  analyzed  in  City  Planning 
Department  documents  and  in  studies  conducted  by  neighborhood 
organizations. 

We  supplemented  this  data  by  interviewing  building  owners,  property 
managers,  real  estate  brokers,  lenders,  community  leaders,  housing 
officials,  and  others  who  are  familiar  with  the  ownership  and  operating 
characteristics  of  residential  buildings  in  the  study  neighborhoods. 
Using  a  variety  of  information  sources,  our  intention  was  to  neutralize 
any  bias  that  may  have  influenced  the  pro  formas  had  we  restricted  our 
analysis  to  more  limited  data.    We  believe  that  the  prototypes 
realistically  represent  the  financial  circumstances  of  URM  residential 
buildings  in  San  Francisco,  particularly  in  the  focused  study  areas. 


STRUCTURE  OF  THE  FINANCIAL  PROTOTYPES 

The  seven  prototypes  are  described  in  the  following  pages.    Each  is 
represented  by  a  pro  forma,  an  accounting  of  the  revenues,  expenses,  and 
investment  characteristics  of  the  building.    The  basic  elements  of  each 
pro  forma  are: 

1.  Revenues  are  calculated  based  on  the  number  and  type  of 
rental  units,  the  neighborhood,  and  the  amount  of  commercial  space. 
Although  the  commercial  income  figures  are  based  on  current  market 
rates,  residential  rents  represent  average  rents  for  occupied  units 
and  therefore  reflect  turnover  rates  typical  for  each  neighborhood. 

2.  From  each  building's  total  potential  income  we  subtract  a 
vacancy/collection  loss  factor  in  order  to  produce  a  figure 
representing  effective  gross  (or  actual)  income  (EGI). 

3.  Operating  expenses,  including  maintenance,  utilities,  taxes, 
insurance,  and  management,  are  then  subtracted  to  yield  the  net 
operating  income  (NOI).    Because  property  taxes  increase 
substantially  when  buildings  are  reassessed  upon  sale,  our  operating 
expense  figures  differ  for  each  purchase  scenario. 

4.  Debt  service  typically  constitutes  a  large  fraction  of  total 
costs,  dramatically  affects  building  profitability,  and  will  affect 
the  owner's  ability  to  absorb  the  expense  of  seismic  upgrading. 
Unlike  rental  income  and  operating  expenses,  debt  service  is  more  a 
function  of  the  building's  history  than  of  current  market  factors. 
The  current  annual  debt  service  will  depend  upon  the  building  value, 
the  percentage  that  is  financed,  and  the  loan  terms.    In  order  to 
provide  financial  pictures  that  reflect  a  variety  of  scenarios 
ranging  from  long  term  ownership  to  recent  acquisition,  we  have 
calculated  the  annual  debt  service  that  would  be  currently  payable  if 
the  building  were  last  financed  in  1971,  1976,  1981,  and  1986.  Using 
interest  rates,  loan  terms,  and  sale  prices  for  comparable  buildings 
in  the  study  neighborhoods  in  those  years,  we  calculate  a  range  of 
values  that  reflects  the  possible  debt  service  load  on  these 
buildings  today.    To  simplify  our  analysis  we  assume  that  the 
buildings  have  not  been  refinanced.    However,  it  is  likely  that  a 
number  of  buildings  owned  for  a  long  time  have  been  refinanced.  In 
that  case,  the  current  debt  service  will  be  higher  than  that  shown  in 
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the  prototypes.    The  method  we  used  to  develop  our  sales  price  and 
mortgage  assumptions  is  explained  in  Appendix  2. 

5.  We  subtract  the  debt  service  values  from  the  net  operating 
income  to  produce  the  building's  before  tax  cash  flow  (BTCF)  for  each 
financing  option. 

6.  To  develop  after  tax  cash  flow  figures,  we  first  calculate 
the  taxable  income  that  each  prototype  generates  by  subtracting 
interest  and  depreciation  from  the  NOI.    We  calculate  the  1986 
deductions  using  the  mortgage  terms  and  depreciation  methods  that 
were  in  effect  during  the  four  hypothetical  purchase  years.  Because 
the  1981  mortgages  are  adjustable  rate  loans,  we  use  current  interest 
rates  to  calculate  the  interest  deduction  for  the  1981  purchase 
scenarios.    When  allowable,  we  have  used  accelerated  depreciation, 
switching  to  straight-line  when  appropriate  to  maximize  the  deduction. 

7.  Finally,  we  show  the  investor's  after  tax  cash  flow  (ATCF) 
using  three  tax  rates  to  reflect  a  range  of  owner  income  levels.  In 
order  to  simplify  the  analysis  we  make  several  assumptions.  First, 
we  have  not  examined  the  tax  consequences  of  building  sales,  nor  have 
we  calculated    multi-year  return  on  investment  measures.    Rather,  we 
restrict  our  analysis  to  an  examination  of  a  single  year's  cash 
flow.    In  practice,  however,  cash  flows  vary  year  by  year,  and  most 
real  estate  investors  calculate  their  return  by  analyzing  the  income 
generated  over  several  years  along  with  the  gain  realized  from  sale 
of  the  property. 

Many  of  the  new  federal  tax  provisions  apply  only  to  property 
placed  in  service  after  1986.    Thus,  because  we  have  chosen  to  assume 
that  our  prototypes  remain  under  the  same  ownership,  the  after  tax 
cash  flows  do  not  reflect  the  effect  of  changes  in  the  depreciation 
schedule,  the  alternative  minimum  tax,  at-risk  rules,  or  the  capital 
gains  tax. 

The  key  tax  reform  provisions  that  will  affect  the  cash  flow  of 
the  prototypes  are  the  lowered  tax  brackets  and  the  new  restrictions 
on  passive  losses.    Lower  tax  brackets  will  result  in  a  higher  ATCF 
for  buildings  that  currently  generate  a  positive  taxable  income  and  a 
lower  ATCF  for  those  that  now  yield  a  negative  taxable  income. 

In  most  of  the  prototypes,  tax  losses  contribute  a  large  share 
of  the  after  tax  cash  flows.    The  Tax  Reform  Act  imposes  restrictions 
on  such  tax  shelters,  allowing  the  taxpayer  to  deduct  losses  from 
"passive  activities"  only  to  the  extent  that  the  loss  offsets  passive 
income.    By  definition,  the  tax  code  considers  investment  in  rental 
property  to  be  a  passive  activity.    Under  the  new  law  real  estate 
investment  losses  may  be  used  to  offset  other  income  only  when  an 
investor  is  significantly  involved  in  property  management  decisions. 
In  addition,  the  deduction  is  limited  to  $25,000  per  year.  The 
$25,000  allowance  is  phased  out  for  income  levels  beginning  at 
$100,000. 

The  after  tax  cash  flows  shown  in  our  pro  formas  assume  that  the 
tax  loss  is  fully  deductible.    After  1986,  this  will  not  always  be 
true,  but  will  be  possible  either  when  the  loss  is  allocated  at  up  to 
$25,000  each  to  actively  involved  owners  or  when  building  investors 
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who  are  not  involved  in  management  use  the  loss  to  offset  income  from 
other  rental  property.    It  should  be  noted  that  when  the  taxable 
income  generated  by  the  building  is  negative,  the  ATCF  equals  the 
BTCF  for  buildings  that  are  owned  by  individuals  with  no  other  income 
or  by  nonprofits  that  pay  no  tax.    People  with  limited  incomes  will 
make  little  use  of  the  tax  shelter  aspect  of  real  estate. 

8.    The  final  element  of  the  economic  prototypes  is  the 
introduction  of  seismic  upgrading  costs  and  the  calculation  of  their 
impacts  on  the  buildings'  net  cash  flows.    Because  the  cost  will  vary 
with  the  level  of  upgrading  required,  we  examine  three  alternatives. 
Generally  speaking,  the  absolute  minimal  upgrade  is  a  wall  anchorage 
system  which  costs  about  $6  per  square  foot.    Some  additional  shear 
bracing  in  the  ground  floor  commercial  space  adds  about  $5  per  square 
foot  to  this  figure  in  those  buildings  which  have  such  spaces.  For 
four-story  buildings,  Level  1  upgrading  costs  $16  per  square  foot  and 
Level  2  upgrading  costs  $21  per  square  foot.    For  five  and  six-story 
buildings,  the  costs  increase  to  $21  per  square  foot  for  Level  1 
upgrading  and  to  $25  per  square  foot  for  Level  2  work.1    When  these 
figures  (which  are  fully  explained  in  Chapter  III  and  the  Engineering 
Appendix)  are  added  to  the  protoype  pro  formas,  it  is  possible  to 
derive  net  cash  flow  remaining  after  each  level  of  prospective 
upgrading.    To  calculate  debt  service  on  upgrade  loans  we  use  the 
10%,  ten  year  terms  governing  rent  passthroughs  allowed  under  San 
Francisco's  rent  control  ordinance.    Actual  finance  terms  may  differ. 

The  pro  forma  analysis  allows  one  to  examine  the  impact  that  seismic 
upgrading  requirements  would  have  on  building  owners  if  subsidies  are 
unavailable  and  in  circumstances  when  rental  market  conditions  force 
owners  to  absorb  the  expense.      It  is  likely,  however,  that  in  most 
cases,  rent  increases  will  result.    San  Francisco's  rent  control 
ordinance  allows  the  cost  of  building  improvements  to  be  passed  on  to 
tenants.    The  law  provides  for  a  ten  year  amortization  period  at  10% 
interest  (unless  a  lower  interest  rate  is  obtained  through  federal 
financing  programs).    Under  these  rules,  the  allowable  passthrough 
amounts  to  $13.22  per  month  for  each  $1000  of  upgrade  expense. 

Table  11  shows  the  allowable  monthly  per  unit  rent  increase  for  a 
range  of  improvement  costs.    The  impact  of  these  costs  upon  current  rents 
is  shown  in  tables  following  each  pro  forma. 


'Level  1  upgrading  is  the  equivalent  of  the  Los  Angeles  requirements  for  Class  III  and  IV, 
medium  and  low  risk  buildings  with  occupancy  of  less  than  100  people.    Level  2  is  the 
equivalent  of  the  Los  Angeles  requirements  for  Class  II,  non-essential  buildings  having  an 
occupant  load  of  100  or  more.    This  is  the  same  as  the  maximum  requirement  of  the  1973  UBC 
which  is  the  current  San  Francisco  code  for  substantial  rehabilitation. 
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RADE  COST 

i    TTM  TIP 

;  UN  il 

AMORTIZATION 
PERIOD 

INTEREST 

KAIb 

MONTHLY 
rAoo  ltiKUUvjn 
PER  UNIT 

$1,000 

10 

YEARS 

10% 

$13.22 

$2,000 

10 

YEARS 

10% 

$26.43 

$3,000 

10 

YEARS 

10% 

$39.65 

$4,000 

10 

YEARS 

10% 

$52.86 

$5,000 

10 

YEARS 

10% 

$66.08 

$6,000 

10 

YEARS 

10% 

$79.29 

$7,000 

10 

YEARS 

10% 

$92.51 

$8,000 

10 

YEARS 

10% 

$105.72 

$9,000 

10 

YEARS 

10% 

$118.94 

$10,000 

10 

YEARS 

10% 

$132.15 

$11,000 

10 

YEARS 

10% 

$145.37 

$12,000 

10 

YEARS 

10% 

$158.58 

$13,000 

10 

YEARS 

10% 

$171.80 

$14,000 

10 

YEARS 

10% 

$185.01 

$15,000 

10 

YEARS 

10% 

$198.23 

TABLE  11 

Monthly  Rent  Passthrough  Allowed  Under  the  San 
Francisco  Rent  Control  Ordinance 
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FINANCIAL  PROTOTYPES 


In  this  section,  financial  pro  formas  representing  seven  typical 
unreinforced  masonry  buildings  are  presented.    As  described  above,  these 
statements  include  information  about  building  income,  operating  expenses, 
and  debt  service.    In  addition,  the  prototypes  include  a  calculation  of 
the  current  before  and  after  tax  cash  flow  for  five  building  finance 
scenarios.     Cash  flow  calculations  are  then  provided  for  three  seismic 
upgrade  alternatives.    Finally,  we  show  the  impact  of  seismic  upgrading 
upon  residential  rents  in  each  building. 

BUILDING  C-l 

Prototype  C-l  is  a  small  Chinatown  residential  hotel.    On  the  upper 
levels,  this  three-story  building  has  fourteen  rooms  whose  dimensions 
average  120  square  feet  and  which  rent  for  an  average  $160  per  month. 
Along  with  the  sleeping  rooms,  the  upper  floors  contain  communal  kitchens 
and  baths.    Because  we  have  placed  this  building  on  busy  Stockton  Street, 
the  1300  square  feet  of  ground  floor  commercial  space  rent  for  $4  per 
square  foot. 

As  is  common  in  the  Chinatown  neighborhood,  commercial  rent 
represents  a  significant  portion  of  the  building's  revenue.    In  this 
case,  the  ground  floor  space  contributes  71%  of  the  total  income.  There 
are  three  principal  reasons  for  this.    First,  many  of  the  elderly  tenants 
in  Chinatown  hotels  have  occupied  the  same  unit  for  a  long  period  of 
time.    Due  to  the  slow  rate  of  turnover  (average  tenure  is  ten  to  fifteen 
years),  rents  have  remained  low.    In  addition,  longtime  building  owners 
often  have  little  or  no  debt  service  and  can  therefore  afford  to  provide 
below-market  rate  residential  units.    It  is  common  for  family  and 
district  associations  (which  own  about  20%  of  the  Chinatown  residential 
hotels)  to  provide  low  cost  housing  for  their  members.    Finally,  because 
shop  owners  are  willing  to  pay  a  premium  to  locate  in  Chinatown  and  on 
Stockton  Street,  the  building  generates  substantial  commercial  revenue. 

As  is  typical  in  the  Chinatown  neighborhood,  the  vacancy/collection 
loss  rate  is  low  at  an  average  3%  of  gross  possible  income. 

This  building  is  representative  of  a  type  common  in  Chinatown.  The 
core  Chinatown  neighborhood  contains  approximately  85  unreinforced 
masonry  residential  hotels. «  One-fifth  of  these  are  located  along 
Stockton  and  Grant  Streets,  the  district's  busiest  commercial  streets. 
Fifty-five  percent  of  the  area's  URM  residential  hotels  have  fewer  than 
twenty  units,  and  sixty-five  percent  of  URM  residential  buildings  in  this 
neighborhood  are  three  stories  or  less  in  height. 


Mhe  Chinatown  "core"  is  the  area  described  in  the  City  Planning  Department's  Chinatown 
Rezoning  study. 
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Impact  of  Seismic  Ordinance  on  Owner 


Faced  with  a  seismic  upgrade  requirement,  the  owner  of  this  building 
may  face  an  incentive  to  remove  residential  units  from  the  market.  It 
has  been  reported  that  because  commercial  space  brings  in  higher  revenue, 
because  operating  expenses  and  management  needs  are  less  for  commercial 
space,  and  because  code  regulations  are  less  stringent,  some  owners  find 
it  more  profitable  to  lease  residential  units  as  storage  space. 

If  one  assumes,  as  is  common  in  Chinatown,  that  this  building  has 
been  under  the  same  ownership  for  many  years,  the  debt  service  is  low, 
therefore  the  cash  flow  is  positive  and  sufficient  to  cover  seismic 
upgrading.    However,  one  must  remember  that  many  Chinatown  buildings  are 
not  owned  by  typical  real  estate  investors.    In  contrast  to  investment 
properties  located  elsewhere,  this  building  may  provide  the  owner's  sole 
source  of  income.    In  addition,  it  is  likely  that  the  owner's  initial 
equity  investment  was  greater  than  for  the  typical  income-producing 
property,  therefore  the  actual  rate  of  return  may  be  less  than  the  cash 
flow  implies. 3 

Impact  on  Tenants 

A  wall  anchorage  upgrade  for  this  building  will  cost  approximately 
$25,000.    Under  this  option,  a  $4,000  annual  expense  passthrough  is 
allowed  under  the  current  rent  control  law.    This  amounts  to  a  $24 
monthly  rent  increase  per  unit  and  represents  a  15%  increase  over  the 
building's  current  average  rents. 

In  contrast,  a  Level  1  upgrade  will  cost  nearly  $67,000,  and  will 
result  in  a  $10,800  annual  passthrough.    This  amounts  to  an  average  per 
unit  monthly  rent  increase  of  $63,  a  39%  increase  over  current  rents. 


^According  to  real  estate  brokers  familiar  with  Chinatown  investments,  downpayments 
amounting  to  40%  of  the  purchase  price  are  common  in  the  area.    This  compares  to  the  20% 
downpayment  that  is  typical  for  most  investment  properties. 


45 


ill 


S  8 

«M  O 

u 

tl 

w  a 

li 


—  B 

a 

b  O 
O  -H 
O  *J 


9 

U  U 

&  .5 


O  O 

o 


•a  6  «o  <m 

«  o  • 

9 

sa  r»  M  M 


o  o 

00  Q 


iO  CN 

CN  <0 


O  O 
00  o 

00 

v©  CN 
CN  vO 

co-  co- 


o  o 
oo  o 
» 

vO  CS 
CM  \0 
CO-  <S> 


' — -. 

* — . 

M 

* — -. 

© 

© 

\  s 

O 

1  o 

r— 

en  cn 

1 

oa 

00 

o 

o 

i  oo 

«* 

-4 

cn  en 

OA 

00 

1  es 

r» 

1  m 

00 

vO 

o 

es 

1  »H 

r» 

vO 

es 

1  o* 

CN 

;  $ 

CM 

in 

1  00 

c-» 

cn 

i  00 

co- 

es 

CO 

-4 

CO- 

v> 

1  co 

^4- 

1  v> 

c/> 

1  v> 

o  o 
oo  © 

00  -a* 

vo  es 
es  vo 

co-  co- 


os .-i 

44  .-H 

a  u 

4>  i* 

■o  a> 


«  e 
at  u 


I  I 


§  g 

u  o 
a  a 


2  ° 

U  U 


00  do 

01  oa 


o 
o 


o»  es 

00  CO 

CO  s — ' 


§  o 

es  p» 

oa  es 

00  co 

CO  «w 


- — *  , 

u 

^ 

o 

O  1 

o 

r»»  en  en 

1  r» 

o 

r~ 

ao 

M 

in 

OA  «»  en 

00 

O  1 

1  00 

«# 

-<  n  w 

<r  i 

1  r»» 

o 

ao 

es 

0O  -J  vfi 

es 

r— 

1  in 

CO 

\0  o 

1 

r>»  i 

en 

m 

%o 

V 

oa 

-4  oa 

» es 

■ 

A      *  41 

oa 

es 

i  £ 

es 

U"l 

1  00 

m  i 

es 

00 

"4 

r~ 

<e  ei 

oo 

CO 

es 

CO- 

1  til 

es  i 

en 

CO 

es 

u 

es 

CO-  CO  -4 

CO 

I  CO 

co 

1  CO- 

<o 

II 

B 

co- 

w  w  <0 

OA  es 
ao  CO 
CO  w 


W 
►J 
as 
►■4 

CO 
CO 

o 
o- 

CO 
CO 

o 

as 


jo 
•o 

09 

>« 

u 
o 
a 
o 
« 
> 


O  r*  4  o> 
ao  es  en 
oo  o  ■* 
-   » es 
es  -h 


cX 

vo  en  r*~  m 
•J  in  9  n 
ao  —i  es 


I 

1  ao 
i  <r 

U  vO 

I 

u  CS 

u  m 
I  co- 
ll 
■ 

K 
V 
I 

II 
II 
II 
I 
N 

U  — 

y  10 


cn  en 
csi  co- 
co- w 


•  CS 


II    *»  w 


I 

M5  I 

r»  a 
r»  II 
•  I 
m  I 
-*  i 
•—•  a 
■ 
■ 
u 

V 

I 
II 
a 
u 
u 
II 
I 
u 
II 
II 
u 


00 

es 


s 

in 

38 

CO- 


M 

M»l  PI 

en  en 
sO  o 

•  "CS 

es  m 
es  co- 
co- — < 


00 


o  o 


w 

41 

CO 

eu 

09 

00 

CO 

00 

01 

03 

01 

« 

CO 

41 

M 

K 

C 

M 

00 

09 

SL 

Ta 

H 

H 

X 

■o 

■o 

(Ml 

01 

a 

a 

09 

<o 

ao 

to 

s 

w 

00 

00 

-l-l 

09 

0> 

41 

4J 

W 

co 

oo 

CS 

C 

C 

l-l 

^ 

& 

41 

01 

0) 

a. 

CL 

01 

X 

K 

O 

06 

* 

* 

^-v 

<B 

(O 

<0 

OO 

01 

01 

-J 

- — ' 

-J 

r»  O 


3  * 

01 


U 

vO  u  cs 

-O  rs  i  o\ 

00  <o    II  00 

vO  >*  u  m 

CO  CO-   II  CO 

II  w 

II 
I 


o  o 

in  r-» 
«♦  es 

—I 

CO  «* 

co-  co 


ON 

en 


I 

u 
a 
II 
a 
a 
a 
a 

o  en  a  -* 
cn  O  a  oo 
-3*       u  o 
-  -  a  - 

vO  CN    II  (71 

co-  -h  u  cn 
co-  y  co 

a 
a 
a 
a 
a 


oo 
m 


©  o  a  rx 


o 

X 

iS 

06 
O 
Cx 
u 
oa 


3 

e 

o 


« 
a, 

01 

a 

vO 
00 
C7\ 


CJN  00  <^ 

oo  91  <or 

oo  cs  o> 
co-  -h  es 

w  co-  co- 


rn on  es 

^  9i  ^ 

ao  in  m 
m  ao  en 

CO  CO  — < 
>— '  w  CO 


oo  sO  oi 
— i  ao  in 
p«.  r«  O 

00  CS  OA 
co-  e-i  es 

CO-  CO- 


01  41  4) 

j*  ja 

o  y  u 

co  oo  • 

Wi  u  H 

a  co  ca 


KNM 

m  es  o 
h  n  in 


K 

ca 
H 


01 


-.0  00 

es  m  io 
r«.  oo  cn 

in  cyi  io 
— .  cn 

co-  co-  co- 


e 

01 
J! 
09 


CS 
••c 

CJ 
01 
u 
a. 
at 
•o 


T3  • 

a  ■ 

CS  O 
h 

■a  oo 


u 
3 

a. 
co 

00 

c 


•*4 

> 

•»4 

CS  <— • 

3 

a.  « 

c 

J3 

41  -H 

o 

U  U 

■H 

ao 

<r 

u 

4-1 

o 

ao 

cn 

— * 

>>  v 

u 

144 

CN 

•* 

1—4  CO 

01 

^4  B 

CO 

ao 

vO 

00 

3  6 

o 

CN 

CN 

iw  o 

a 

co 

CO 

CO- 

•  f4 

44 

4)  14H 

01 

00  O 

•o 

g 

CO 

> 

0J 

00  04 

a 

0) 

«j  cn 

•  1-4 

a 

14 

a 

-p4 

O  -a 

o 

«— i 

^4 

a  a 

CL 

co 

4J 

H 

44 

*o 

o 

v© 

4) 

CJ 

0) 

JS 

in 

es 

(»• 

rr  co 

41 

00 

p~ 

4J  S) 

CO 

a 

•  H 

o 

CO 

a 

-SJ- 

— < 

o 

a 

u 

cn 

cn 

es 

-U  00 

CU 

44 

CO 

CO  CO- 

-f-4 

CO 

a 

eg 

41 

Q 

u 

44 

.-4 

£  c 

CO  41 

(J 

a. 

0) 

M  "O 

CO 

eu  *h 

4) 

a 

2  S 

T3 

o 

t4 

IN 

OA 

3  01 

0) 

cn 

in 

S  2 

CO 

Li 

-4 

cn 

C3 

-o 

01 

CQ 

01 

O 

3 

4> 

<J 

en 

in 

OA 

E  o 

i— i 

>^ 

u 

«*• 

-3- 

es 

41 

<9 

a 

CO- 

CO  CO 

4J  M 

01 

> 

(U 

1  cn 

S 

-c 

8 

oo 

-o 

w 

C  u 

01 

0> 

u 

• 

O  co 

CO 

C 

U4 

e 

4J 

a 

•f-4 

o 

-a 

V 

J3 

•H 

h  4) 

00 

ca 

03 

U 

44 

41  *J 

a 

a 

44 

CJ 

"D  « 

•*4 

a 

B 

3 

c 

B 

01 

5 

T3 

3  3 

3 

4-1 

CO 

Oi 

O 

8 

■a 

oo  — 

■o 

OA 

01 

a 

e  a 

Oi 

— H 

00 

01 

--4  O 

4-1 

a 

a 

M 

tJ 

C8 

H-l 

00 

44 

■-4 

— 1  0) 

r-l 

o 

4-1 

o 

a 

•i-l  -H 

3 

u 

01 

o 

M 

o 

u 

4-1 

-2  41 

-* 

a 

144 

a 

o> 

01 

O 

a 

01 

a 

jj 

J< 

ja 

<o  a 

o 

a 

k4 

u 

u 

u 

a 

o 

o 

CO 

CO 

z  ? 

01 

C 

44 

ll 

k-l 

u 

41 

-o 

o 

co 

CO 

03 

c 

a 

01 

■»4 

■ — ' 

41 

a 

e 

44 

oo 

a  < 

CO 

O 

CTi 

01 

CU 

a 

2 

3 

-4 

»-« 

M 

M 

1    u  *J 

00 

o> 

T5 

m 

CN 

O 

O. 

C 

M 

CO 

Oi 

-o 

CN 

m 

01 

a 

•H 

-a 

a 

1 

o- 

H 

a 

M 

0) 

c 

a  -o 

Bd 

01 

o 

o 

4-1 

vO 

!  H 

oo 

a 

44 

in 

a 

W 

a 

'  o 

•r4 

CO 

01 

1     U  o 

4-1 

Cxi 

CO 

o 

a 

10 

01 

1    »  09 

hi 

4-1 

•r*  O 

a 

-O 

CL  IN 

1     £  « 

& 

01 

01 

ON 

H  > 

O 

06 

a 

a 

-4  CN 

cn 

s 

I 


• 

V  t 

« 

a 

u 

hi  1 

a 

CUAS 

>>  1 

ss 

4) 

M 

o  o 

1  O  vO 

M  X         <"-v  1 

»n  o  so  »n  O  vO  i 
— i  O      r-»  ro  r»  l 

M 

a\  in 

o 
o 

hi 
CO 

as 

•  o        •      r»  i 

o 

41 

3 

#— t      "        &\            m  j 

O- 

CO 

cn 

in  « 

«»  a 

00 

r«« 

>> 

4-1 

41 

4-1 

<r> 

«»             </>  « 

^» 

O 

CO 

</> 

V>                  w  | 

</> 

4J 

hi 

o 

•  1 

• 

• 

o 

■H 

& 

o 

1986 

H 

U  || 

u 

4J 

4-1 

HAS 

>>  1 

9s 

CO 

4-1 

M 

O  O 

M  M  t 

in  O  O  >n  O  *  t 

M 

in  in 

o 

u 

hi 

0) 

• 

4) 

o 

O  vO 

MO>Or«(n  N  1 

s 

cy 

41 

CO 

• 

OS 

'  * 

•  >o       •  mi 

00 

JS 

41 

■J 

4J 

3 

— i    •     e»>        •  i 

* 

(0 

4J 

4J 

CO 

ft. 

— 1                     US  I 

ao 

u 

o 

CO 

u 

o 

i  co 

-»              -J-  i 

GO 

V 

t-4 

• 

hi 

u 

i  r» 

in 

> 

41 

3 

41 

3 

00 

</> 

V>  — '  | 

</> 

o 

U 

a. 

oo 

o 

3 

B 

4-1 

.43 

8 

•-4 

• 

u 

•o 

41 
J= 

o 

•-4 

•  1 

• 

V 

CO 

u 

hi 

w 

U  1 

hi 

"O 

•H 

CO 

01 

3 

HAS 

>»  I 

9s 

41 

4» 

JS 

M 

MM  1 

M 

M 

CO 

41 

S 

»s 

i  oomooooo  i 

9  iG 

>T  CN 

o 

in 

3 

<J 

o 

*-4 

u 

1  O 

— i  o  vo  m  pn  -r  i 

—4 

•H 

•»4 

41 

• 

at 

1  cs 

•  — «       •      r—  I 

• 

M 

441 

JS 

4J 

-h   •     o>       «  i 

> 

O 

u 

CO 

4J 

o 

s 

I  m 

m             in  t 

<3 

>T 

00 

41 

M 

4J 

1  (S 

in             cs  I 

B 

« 

CO 

•-4 

s 

«o 

I  -» 

<N                   </>  | 

cn 

0 

4) 

4-1 

•h 

<4-l 

i  </> 

</>                  w  1 

</> 

hi 

JB 

441 

hi 

c 

C7» 

4J 

o 

4J 

O 

4J 

•  1 

CO 

O 

V 

C/5 

o 

•-4 
4J 

B 
CO 

JS 

41 

•a 

4J 

§ 
• 

hi 

ffec 

M 

O 

oo 

u 

U  II 

u 

a 

■1 

4J 

B 

« 

41 

CO 

AS 

>%  I 

9s 

•H 

«t 

41 

•  H 

1  M 

MM       *"s  1 

M 

hi 

hi 

9s 

B 

5 

1  o  o 

u-i  O  o  o  o  o*>  1 

2  !C 
•or  cn 

o 

4) 

41 

hi 

1 

•«4 

3 

1   O  vO 

«  o  «o  <n  «n  o>  i 

o 

01 

3 

? 

3 

O 

at 

I  to 

•  Cf*          •        f—  1 

CS 

X) 

<— i 

O 

U 

n 

•B 

—4 

3 

— i    •      CO          -  1 

* 

•H 

• 

O 

CO 

a* 

cn             n»  1 

h 

> 

CO 

£ 

> 

1  CN 

«H                 ~  I 

in 

u 

L 
o 

>i 

4J 

I  «n 

—                   V>  1 

CN 

CO 

t-4 

41 

JS 

4) 

00 

i  «> 

«>                 w  1 

</> 

at 

4J 

8 

i—i 

4J 

a 

B 

&> 

■o 

0 

•-4 

•w 

•a 

B 
• 

I 
1 

0) 

*H 

> 

41 
JS 

"»3 

o 

O 

o 

hi 

CO 

4-1 

X 

f-4 

u 

CO 

B 

3 

4-1 

> 

o 

JS 

4) 

M 

41 

4J 

8 

O 

hi 

4) 

CO 

a 

hi 

00 

41 

41 

at 

hi 

B 

g 

• 

B 

CO 

•H 

9 

41 

J> 

0 

• 

41 

V 
9s 

■o 

hi 

CO 
CO 

>> 

o 

4J 

00 

o 

CO 

M 

9 

o 

CO 

00 

m 

o 
u 

B 

■a 

41 

•*«* 

4-1 

CO 

O 

i 

S  j 

^ — V 

Of 

• 

6 

hi 

4) 

•H 

CN       PO  I 

m 

4J 

• 

o 

hi 

•o 

*J 

i  ' 

■  '           N-^  "W  | 

■ — - 

CO 

41 

a 

CO 

41 

01 

O  1 

>PC 

f-i 

s 

4J 

■-4 

•**  1 

3 

••4 

S§ 

• 

CO 

3 

**  1 

JO 

■ 

O 

41 

41 

<J 

1  o 

m  t 

01 

■H 

£ 

■ 

00 

3 

•-H 

1 

at 

<J 

CO 

a 

4J 

o 

9 

til 

3 

1  ** 

•r* 

01 

S 

00 

■-4 

i  3 

41 

CO 

a 

4J 

TJ 

4-1 

CO 

90  1 

a 

a 

■  M 

01 

B 

hi 

u 

CO 

*        41       •«  1 

•a  a 

V 

1  'H 

hi 

• 

•-4 

1  M  41 

u      y      o  i 

o  <d 

4J 

CO 

1   O  3 

41        <f4        -H  1 

j= 

A 

1  « 

s 

41 

f— 4 

•r4 

2 

1    M  — • 

>         *         hi  1 
Q        tS         «  I 

u            eu  i 

<■>  VM 

• 

u 

3 

3 

oo 

£ 

!  fi5 

•r* 

1 

O 

— i 

ON 

B 

X  w 

U 

h 

§ 

■J 

*4 

o> 

O 

41 

H  II  01  1 

01 

i  a. 

> 

•M 

1    U  0 

m  z  •  *j  e  t 

a  a 

h 

hi 

4J 

:  2  s 

-O  3   «   <0    O  1 

«  O  £  ai      u  i 
(5  z  o     u  u  i 

o  o 

0k 

i  « 
• 

Oi 
00 

O 

4J 

o 

VM 

■o 
s 

CO 

•-4 

• 

•H 

!  gJ 

fa)  W 

£ 

1  «1 

a 

1 

0) 

w 

o 

<  h  ti  *  H  1 

CO  St 

00 

B 

CO 

41 

41 

1  at  a 

a      3  •  n  >  i 

1  u 

4-1 

3 

4) 

hi 

hi 

I  e.s 

Sub  «      at  i 

u  « 

CO 

U 

4J 

00 

a. 

Minim 
I0RTGAG 
X  of 
Inter 
Amort 
iEBT  SE 

« 

■vC 

1  3 

o 

0] 

ON 

41 

1    b  0) 

4J 

a* 

X 

— - 

as 

a 

a.  u 

■»4 

ill 

a 

M 

i  ^> 

1  p 

«-4 

CN 

cn 

•* 

m 

sO 

CO 


hi 

3 
3 

ao 
3 

0w 

vO 

ao 

ON 


to) 

g 

as 
B 
On 


ao 


hi 

s 

9 
flu 


hi 

g 
OS 
S 
flu 


hi 

B 

as 

s 


to  o>m  in 
r»»  in  cyi 
r»  Cf»  r»  oo 

m  cn  CJ»  cn 
-sf  co-  -tf  co- 
co- c/> 


00  O  rs 

N  r*  O  » 

in  »  m  jn 

*   *  *  - 

in  cn  <J\  ^ 

^  »  ^  * 

co-  w  o> 


o  o*>  o>  ao 
5  r»  >h  W 
i-.      r-  <n 

m  n  »  * 

N  «>  N  « 
CO-  w  CO-  CO- 


O  &i  00 
v>  f»  r*.  cn 

*  3>  -H 
»     *  • 

cn  cn  •* 
co-  co-  in 

w  w  CO- 


ao 

— < 

cn 

CN 

> — - 

00 

CJl 

o 

01 

« 

u 

-» 

m 

o 

•H 

0) 

CN 

•fH 

u 

U 
« 

B 

41 

•H 

60 

GO 

c 

V 

o> 

M 

4J 

<J 

00 

■H 

XI 

o 

hi 

a 


cn  o  cn 
— .  <r  >e 
n  ^  n 

— <    —I  f) 

V>  CO-  CO- 


©  cn  m 
3k  —i  o 
m  ao  r» 

N  Ift 
CN  " 

</></>  CO- 


— * 

Cfs  00 

c* 

ao 

O  r»»  1 

er» 

— )  O  ao 

O  00  I 

r>.  «e  N 

o  cn  as 

Oft  f*.  p» 

cn 

in 

O  V©  1 

crv 

— '  —«  O 

CN 

•*  —  1 

■  9> 

CN  CN  ON 

• 

r>»  c^ 

cn 

00 

cn  o  i 

r*. 

nO  -3-  r-. 

00 

in  .flf  | 

r*. 

cj»  r»  cn 

CO  MS  - 

K 

*    •  1 

»   *  a 

O 

r*»  cn  ~* 

vO 

O 

ao  ao  l 

r*. 

o  00  o 

cn  cn  1 

r-. 

cn  •>«  is 

— <    CJN  — < 

—«</>■  CN 

in 

cn 

CN  — I  1 

— <  CN  CN 

<N 

CN  1 

-h  cn  cn 

CN  — <  ~ 

</>-—■</> 

co- 

co- 

CO-  V>  1 

CO- 

CO-  CO-  CO- 

co 

</>  </>  1 

co- 

</></></> 

<SY  </>  <J> 

40 

' — ' 

* — - 

a 

CN  -.  O 
O  -4  ""I 

ao  cn 

in  i0 
«ST  ■*  CN 
</></></> 


ai  ai  ai 

j*  jo  ji 

a  u  u 

CO  CO  CO 

U  h  K 

BO  CO  CO 


33 

M 

C/l 

i/l 

CN  O 

41 

CN  U1 

N 

3 

•H 

CO 

a 

00 

a 

CO 

as 

-o 

hi 

4J 

< 

VEL 

Co 

CO 

hi 

vO  r»»  as 

p*.  -*  ao  cn 

r~  vo  cn  r» 

u-i  O  \p  cn 

»u  \r\  v> 

<j>  <j>  <j>  ^ 


vO  »h  O 

CO  N  H 

o  -e  o 

sO  O  C3» 

«  -H  CN 


00 

CN 

cn 

Ifl 

cn 

o 

vO 

u-i 

v> 

>■ — ' 

5  2 


Q  — I  — I 

<  x  in  vo 
r-»  <o  cn  «^ 

in  o  -jD  — • 

cn  «  cn  CN 
</>«/></></> 


cn  «*  vo 
m  m  in 
moo 

CO  N  X 


o 

•JO 

in  cn 

</> 

— 1  — 1 

o 

ic  in  o 

in 

r-» 

o  o 

r-» 

CTi  — ^ 

cn  cn  cn 

</>  </> 

CO 

«></></> 

CN  CN 
00  — , 
— <  OS 

«»  vO 

c/> 


H 

CO 

'8 


8 


41  01 

CO  CO 

4J  4J 

J»  A 

Si  & 

U  41 

e  -o 

01  co 

u  u 

u  00 

3  O. 


3 

CO 

< 

u 

X 
kl 

QC 

O 
Oh 
QJ 
CO 


3 

Ed 


X  K  K  M 

co  m  cn  o 
<      cn  m 


lONCII 

cn  o  >n 
CJ\  © 

in  m  9>  p» 
-or  — i  in  co- 
co- w  CO-  w 


co  in  m 
cn  cn  in 
in  cj\  ^ 

in  cn  » 
>J  m 

CO-  CO-  CO- 


O  f**  O 

-J  cn  vO  in 

r*.  c7»  «o  «a* 

in  m  9i  co 

CN  —I  cn  — 4 

co-  co-  co-  co- 


O  r>»  r>»  O 
CO-  CN  CN  e> 
cy»  cr.  -h 

cn  cn  •* 
— <  — '  -c> 

co-  co-  co- 


y-i 

u 

w 

U  I 

— H 

41 

41 

41  1 

— i 

CN 

CN 

— ' 

M 

JCi 

M  1 

CN 

00 

CN 

u 

CJ 

O  1 

CO- 

00 

41 

aj 

CO 

CO  1 

OJ 

O 

1- 

1-  1 

r» 

u 

-H 

4) 

CO 

pa 

oa  i 

oo 

-l-l 

O 

CO- 

in  cn 

P>-   Q  — •> 

O  «  r« 
cn  r>»  ifi 

CO-  CO-  CN 
CO- 


cn  in  r- 
^  co  in 
m  p«. 

in  ^  ao 
— I  co- 
co- CO- 


cn 
m  oo  o 

I —  CN  ~» 

i0  cn  cjs 
cn  cn  »n 

CO-  CO-  CO- 


V 
M 

•  H  .. 

CO  H 
CO 

o?8 
c2S 


41  41 
CO  CO 


X>  0 

U  41 

a  T3 

41  CO 


41  41  01 

J<  JO  JO 

o  cj  u 

CO  co  co 

I-  U  I- 

00  act  aQ 


?  33 

L  co 

41  < 

CO  CJ 


co  m  cn  o 
cn  m 


£ 
< 


BUILDING  C-l 

IMPACT  OP  SEISMIC  UPGRADING  CN  CURRENT  RENTS 


UPGRADE  LEVEL 


COST  PER 
S3  FT 


MONTHLY 
RENT 

TOTAL    COST  PER    INCREASE  NEW 
COST        UNIT       PER  UNIT  RENT 


PERCENT 

INCREASE 

CVER 

CURRENT  RENTS 


WALL  ANCHORAGE 
LEVEL  1 
LEVEL  2 


$6  $25,092 
$16  $66,912 
$21  $87,822 


$1,792 
$4,779 
$6,273 


$24  $184  15% 
$63  $223  39% 
$83    $243  52% 
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BUILDING  C-2 


Prototype  C-2  represents  a  twelve  units,  three-story  Chinatown 
apartment  building  with  rents  averaging  $235  for  studios  and  $265  for 
one-bedroom  apartments.    These  very  low  rents  are  explained  by  the  fact 
that  tenant  turnover  is  even  less  for  apartments  than  for  Chinatown's 
residential  hotel  units.    Because  we  have  located  this  building  on  a  side 
street  away  from  the  neighborhood's  busy  shopping  streets,  the  ground 
floor  commercial  space,  which  amounts  to  2150  square  feet,  rents  for  $2 
per  square  foot.    The  commercial  portion  of  this  building  contributes  58% 
of  the  total  revenue.    As  in  prototype  C-l ,  the  vacancy/collection  loss 
rate  is  3%. 

This  building  represents  a  typical  Chinatown  apartment  building. 
Sixty-five  percent  of  Chinatown  URM  apartment  buildings  are  of  three 
stories  or  less  and  25%  have  between  seven  and  twelve  units. 

The  owner  and  tenants  in  this  building  face  impacts  similar  to  those 
outlined  for  building  C-l. 


PROTOTYPE  #  1 

C-2 

I  NEIGHBORHOOD  1 

CHINATOWN 

I  OWNERSHIP  1 

PRIVATE 

I  BUILDING  TYPE  1 

APARTMENTS 

GROUND  FLOOR  COMMERCIAL 
NOT  ON  STOCKTON  STREET 

I  #  STORIES  1 

3 

NO  ELEVATOR 

I  TOTAL  BUILDING  AREA  (1)1 

6,7  50 

SF 

|  #  RES.  UNITS  ! 

4 
8 

STUDIOS 
1- BEDROOMS 

I  RESIDENTIAL  RENT 

$235 
$265 

/STUDIO /MONTH 
/1-BR  /MONTH 

I  COMMERCIAL  AREA 

2,150 

SQFT 

I  COMM.  RENT 

$2.00 

SQFT/MO 

(1)     Building  area  is  calculated  as  follows: 

2  studios  @  250  sf  and  4  1BR  @  300  sf  -1800  sf  per  floor 

z  1.25  circulation  and  common  room  factor  -  2250  sf  per  floor 

x  3  floors  "  67  50  sf  TOTAL 
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BUILDING  C-3 


Prototype  C-3  is  a  48  room,  4-story  Chinatown  residential  hotel. 
Because  we  have  assigned  ownership  of  this  building  to  a  nonprofit 
organization,  rents  are  below  ground  floor  commercial  space.    As  is 
typical  for  nonprofit  used  to  cover  operating  expenses.  Because 
nonprofits  generally  plan  for  long-term  building  ownership,  they 
typically  spend  more  for  maintenance.    Furthermore,  nonprofits  often 
provide  additional  staff  and  services  and  therefore  have  higher 
management  costs.    Although  this  building's  expense/income  ratio  is 
higher  than  for  the  other  two  Chinatown  prototypes,  the  per  units  cost  is 
lower,  reflecting  the  economy  of  scale  achieved  in  this  larger  building. 

For  our  prototype,  we  have  assumed  that  sixty  percent  of  this 
building's  purchase  price  has  been  cover  by  grants  or  deferred-interest 
loans.    As  has  been  common  for  nonprofit  housing  developments,  only  forty 
percent  of  the  scales  price  is  assumed  to  have  been  financed  under 
conventional  mortgage  terms.    Even  with  these  assumptions,  buildings 
purchased  recently  appear  to  have  cash  shortfalls  in  amounts  which  are 
probably  covered  by  government  or  foundation  grants. 

Impact  on  owner  and  Tenants 

As  described  above,  recently  purchased  nonprofit  buildings  are  likely 
to  already  sustain  negative  cash  flows.    Buildings  under  this  form  of 
ownership  will  almost  certainly  require  some  additional  subsidy  in  order 
to  comply  with  a  seismic  upgrade  ordinance. 

Nonprofit  housing  organizations  provide  rental  units  at  substantially 
reduced  levels,  and  tenants  in  these  buildings  generally  have  very  low 
incomes.    Any  rent  increase  is  bound  to  impose  a  burden  on  them. 
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BUILDIfG  C-3 

IMPACT  OP  SEISMIC  UPGRADING  CN  CURRENT  RENTS 


MONTHLY  PERCENT 
RENT  INCREASE 
UPGRADE  LEVEL      COST  PER        TOTAL    COST  PER    INCREASE     NEW  CVER 


S3  FT 

COST 

UNIT 

PER  UNIT 

RENT 

CURRENT  RENTS 

WALL  ANCHORAGE 

$6 

$76,500 

$1,594 

$21 

$161 

15% 

LEVEL  1 

$16 

$204,000 

$4,250 

$56 

$196 

40% 

LEVEL  2 

$21 

$267,750 

$5,578 

$74 

$214 

53% 

62 


BUILDING  T-l 


Prototype  T-l  represents  a  100  room,  five-story  Tenderloin 
residential  hotel.    In  comparison  to  those  in  the  Chinatown  area,  rooms 
in  hotels  in  the  Tenderloin  neighborhood  typically  are  larger,  and  many 
have  private  or  shared  baths.    In  addition,  ground  floor  lobbies  are 
common  in  Tenderloin  hotels,  whereas  in  Chinatown,  ground  floor  space  is 
more  often  exclusively  devoted  to  commercial  use. 

Residential  rents  are  higher  in  this  neighborhood,  in  part  because 
the  rate  of  turnover  is  substantially  higher.    (San  Francisco's  rent 
control  ordinance  does  not  limit  rent  increases  when  units  become 
vacant.)    For  this  prototype,  monthly  rent  averages  $285  per  unit.  The 
3500  square  feet  of  ground  floor  commercial  space  rent  for  $1  per  square 
foot.    Due  to  higher  turnover  in  this  neighborhood,  the  vacancy/loss 
factor  is  six  percent. 

Representing  one  of  the  85  URM  residential  hotels  in  the  core 
Tenderloin  census  tracts,  this  building  is  of  a  type  common  in  this 
neighborhood.    Forty-four  percent  of  the  URM  residential  buildings  in  the 
neighborhood  are  five  or  more  stories.    For  these  buildings,  the  cost  of 
Level  1  upgrading  is  $5  greater  per  square  foot  than  for  four-story  or 
shorter  buildings.    Level  2  upgrading  for  a  five-story  building  costs  an 
additional  $4  per  square  foot. 

Impact  on  Owner  and  Tenants 

With  a  healthy  positive  cash  flow,  this  prototype  appears  to  be  a 
profitable  investment  under  all  five  finance  options  we  have  examined. 4 
A  wall  anchorage  upgrade  for  this  building  would  cost  a  total  of 
$176,400,  resulting  in  an  allowable  monthly  rent  increase  of  $23  per 
unit,  an  increase  of  8%  over  current  average  rents.    In  comparison,  a 
Level  1  upgrade  would  result  in  29%  rent  increases  equalling  $82  per  unit 
per  month.    It  should  be  noted,  however,  that  those  tenants  who  have 
recently  moved  into  units  in  this  building  are  likely  to  be  paying  rent 
at  levels  $50  to  $75  above  the  average  rent  used  for  this  prototype.  For 
recently  occupied  units,  the  rent  increases  necessitated  by  seismic 
upgrade  may  push  the  asking  price  above  the  market-rate  rent  for 
comparable  units. 


^As  it  yields  a  10%  cap  rate,  the  1986  sale  price  that  results  from  our  projection  model 
may  be  an  understimation. 


63 


o 

H 

p 

7  S 


e 


8 


o 

03 


H 
H 
< 
> 

E 


66 


S8 

H  Eb 
§  O 

a  as 

Si 

ad  o 


as 
w 


Pa 

H 


s 


8 

H 

>< 

Ed 


£    o    a?   k  £ 

sr  i  8  sr  sr 


o     i«  o 

O       00  o 

•h     cm  >n 

CO-  « 


I— I 

8 

H 

QQ 


51 


s 
oa 


s 

as 


03 
M 

as 


8 


o  o 
o  o 


—  <-•  J 
VM   «4  < 

H 

M  1-  O 


o  o  o 
©  »  -» 

N  B  » 

^  ir\  <s 

III 


g 

IM  O 
•  U 

co  e 

vO  o 


9b  C 

u 

u 

o  a 
o  o 


S      u  ~* 

U        «  3 
«        O.  o  ■ 

M  M 

00        •  o 

.5 

"O  O  «3»  "M 
—  M  • 

— ■  ITS 

3  ui 

aa      cs  k  K 


I 

H 
H 

B 

o 


s 


00 

C5> 


g 


00 


5 

3 
flu 

sO 

ejs 


ad 

5 


as 

£ 

o 

X 


o  o 
o  o 

O  ©_ 

CM  CN 

-a-  -d- 

cn  </> 


o  o 

9  2 

e  o 

CN  £S 

-3- 

<n  </> 
</> 


o  o 
o  o 
o  ©_ 

CN  CN 
-9- 

tn  </> 


* — « 

s 

a 

o 

© 

© 

O 

o 

<N 

•* 

u-v 

a 

<r 

«n 

1  «N 

co  <n 

II 

tn 

o 

O 

1  o 

i  <r 

<T 

tn 

CO 

tn 

so 

1  00 

O  vO 

u 

cr> 

©^ 

o 

i  •* 

vO 

00 

tn 

ii 

o> 

r«. 

u->  •* 

i 

o> 

II 

a 

ON 

<N 

i 

— 

1  tNJ 

o> 

00* 

u 

en 

00 

I  in 

O  r- 

l 

in 

<T 

en 

1  in 

CN 

y 

-i 

<n 

— i  cn 

■ 

r«. 

tn 

co- 

I  tn 

ii 

-w 

u 

<N 

1 

CO-  CO- 

u 

pH 

to- 

to- 

w 

i  <o- 

co 

u 
u 

CO- 

u 
II 

to- 

©  © 
©  © 

o  ©_ 

CN  CN 

<n  </> 
to- 


es p* 

•H  • 

w 

e  u 

«  u 

T3  01 


41  5 

B£  CJ 

I  I 

41  41 

i  s 

u  u 

c  a 


to  a 

CO  CO 

O  O 

-  - 

co 

43  vO    I  CO 

00  00    I  O 

on  cr>  u  at 

—  —  a  cj 


3S  s 


© 
in 


s$  cn 


O 

vO 

in 


aS  tn 


© 

in 


3  tn 


o 
-a* 
-J" 


n  ps  >J  n 
-*  CN  CN  <r 

^  N  kA 

ON  CN 

CN  CN 

—I  </> 

</>  w 


<"->  II 
O  H 

tn  • 

<r  u 

•  i 

<t  ■ 

vO  U 
u 

u 
a 

H 
* 

n 


cn  n  p«»  CN 
<"  >3  vO  «sr 
>0  ©  ■* 

CN  —I 
— .  CO- 

CO-  w 


o 
tn 


cn  <ar  m  c* 
-S-  <n  oo  m 
*o  oo  tn 

C>  00 

CN  </> 


o 
«* 

CN 

in 
tn 
to- 


cn  <cr  >n  o> 
-ar  cn  oo  tn 

s©  00  i 

C3N  00 
CN  <S> 


a  o 

cn  M 

-     '  u 

CU  CO 

flu  fl 


CO 

« 

3 

u 

■•4 

4) 

e 

01 

01 

II 

I 

a 

u 

K 

II 

a 

X 

a 

•a 

8. 

Ta 

H 

H 

J 
II 

cn 

M 

■o 

■O 

u 

U 

01 

c 

c 

II 

w 

a 

(0 

II 

II 

00 

fl 

II 

8 

H 

a 

4-1 

o 

a 

II 

II 

X 

01 

01 

u 

3 

4J 

II 

*J 

w 

a 

a 

II 

c 

II 

CO 

C 

C 

u 

01 

u 

u 

•-^ 

01 

01 

u 

o 

u 

a 

01 

a 

a 

o. 

J 

z 

a 

a. 

oi 

X 

X 

u 

M 

3 

ii 

o 

u 

u 

u 

H 

ii 

a 

ii 

^ — 

. — ■ 

u 

fll 

u 

X 

n 

ii 

W 

a 

H 

a 

a 

u 

flu 

a 

II 

0) 

01 

u 

O 

01 

u 

-J 

-J 

u 

-J 

u 

■ — ■ 

u 

H 

1 

u 

jJ 

u 

u 

Z 

ii 

<r  © 
en  © 


</>  <y>  II  w 


cy\  i — 
ao  o 
<n  in 

<n  cn 
r»  © 
wv  — . 


II  0O 


ii  tn 
II  ao 
U  « 

U  ON 
II  CN 

II  </> 

II 

II 

u 

II 

u 

H 


u 
II 

O  i/>  i  di 

«»  <c  u  m 

ao  vo  ii  -or 

-  -  l  « 

MAIN 
— I  -»  i  «ft 
<J>  <J>    y  -h 

H  CO- 

I 

I 

a 

ii 

ii 

H 
1 


©  © 


3 

O 


2! 


fl  4J 

iM  09 

u  qj 

01  hi 

U  01 

O.  4J 

01  c 

00  0O 


CN  CN  CN 
<T>  \0  -Cf 
CN  0>  \j0 

•*  O  f>» 

</></></> 


>*  CJ* 
(~~  -« 
*  9> 

-*  <o  »ar 
w  w  </> 


M 
fl 
H 


_1 


CJN  — I  O  II 
H  -J    I<1  I 

vO  vO  I 

-  -    -  II 

<n  «*  oo  a 

N  n  r»  I 

<j>  <j>  <s>  a 

W  N-^  W  I 
I 

a 
u 
i 
a 
a 
g 
a 

er>  r»  a 

01  H  «  I 

tn  r>-  cjs  I 
•   •    •  I 

<C0O  N  I 

cn  m  oo  I 

</><«•</>  ■ 

w  w  w  I 

1 
a 

a 
a 

.  a 

m  CN  CN  II 
Ol  N  CO  I 

©  ©  o>  I 

-  -   -  I 

NNiO  I 

cn  <S"  ©  i 

</></>  » 
w  w  CO-  ■ 
W  | 

a 
a 
a 
■ 


u  u  u 

01  01  01 

H  J!  ^ 

o  u  o 

fl  fl  « 

U  bj  u 

a  oa  n 

w  «-«  w 

in  cn  o 

«  cn  in 


^9"  -cf  <n 

tn  O  ao 

eT»  vO  CN 

o>  >o  tn 

«cf  in  oo 

to-  to-  v> 


oo  ©  in 
cn  -J  co 
m  cn  ao 

oo  ^  r>. 
CO  CO  rs 

to-  to-  CO 


CN  O  — I 

CN  ©  — I 

m  m  -af 

00  rv  (*i 

tn  cn  oo 

— I  —  to- 

to-  to- 


tn  <n  m 

CO  iC  oo 

r>«  -or 

os  *  r» 
^  cn  ao 
— «  — i  co- 
co- </> 


©  CN  CN 
r»  c>»  00 
fl  CO  91 

pH  lO  10 
00  O 


01  4) 

u  u 

«  a 

u  b, 

cq  oa 


m  cn  o 
-h  cn  m 


c 

01 

fl 


C  ao 
o  s 


w  -O 

fl  — 


o 

3 

■3 

V 

J3 

01 

b 

a 

Q. 

fl 

01 

o 

JS 

-o 

u 

01 

• 

bi 

N 

> 

3 

•M 

CL 

fl 

a 

c 

0 

a 

0 

•»4 

00 

c 

4J 

4J 

s 

fl 

CJ 

--4 

01 

01 

■3 

■o 

3 

CO 

pi 

■M 

■a 

■-4 

fl 

e 

3 

a.  — 

i3 

o> 

09 

u 

g 

TS 

bi 

>> 

E 

0 

91 
2 

O 
vw 

a 

« 

•3 

3 

a 

— 1 

O 

141 

a 

CL 

X 

.a 

X 

4J 

01 

4-1 

1> 

41 

00 

• 

a 

fl 

bl 

> 

a 

00 

01 

hi 

fl 

4) 

4-1 

xs 

a 

bl 

30 

e 

•3 

-4 

o 

0 

01 

^1 

a 

J= 

a 

V 

4-1 

« 

4J 

01 

u 

X 

JS 

JZ 

a 

01 

u 

ao 

4J 

a 

CO 

u 

•-4 

0 

3 

fl 

b> 

a 

CL 

bl 

4-1 

00 

•  ii 

41 

u 

a 

> 

.— < 

•3 

« 

fl 

U 

D 

o 

o. 

>H 

Xl 

>s 

41 

-H 

4-1 

JS 

C 

bi 

41 

T3 

a 

0> 

o 

J= 

41 

u 

T5 

a 

4-4 

4J 

•  -1 

li 

CO 

8 

a 

•3 

s 

bl 

IS 

01 

•H 

4) 

b> 

a 

• 

H 

■3 

01 

a 

41 

>41 

O 

3 

a 

u 

e 

0 

X 

^i 

C 

U 

01 

4J 

a 

41 

fl 

4J 

M 

0> 

> 

4J 

• 

1 

00 

B 

a 

c 

00 

■o 

01 

5 

o 

c 

41 

0J 

ii 

ao 

bi 

•-4 

0 

fl 

X 

a 

« 

44 

4-1 

-1 

a 

ao 

O 

■o 

u 

4J 

X 

3 

bl 

V 

00 

a 

bl 

u 

■3 

01 

4-1 

C 

a 

0 

41 

01 

■o 

a 

•-4 

CO 

a 

•-4 

■o 

a 

a 

> 

s 

3 

3 

o 

a 

01 

u 

25 

o 

M 

00 

T5 

o> 

fl 

■H 

a 

a 

01 

-i 

T9 

a 

o 

4-1 

11 

a 

•-4 

T3 

a 

>44 

a 

4-1 

X 

a 

o 

« 

u 

a 

•H 

3 

41 

s 

a 

O 

K 

pi 

i 

01 

a 

—4 

-J" 

vw 

o 

u 

O 

a 

— 

41 

41 

41 

a 

c 

bi 

u 

41 

U 

a 

0C 

« 

_ 

e 

0) 

C 

co 

bi 

8 

bl 

U 

3 

o 

c 

CO 

a 

u 

U 

•  pi 

— ' 

41 

FN 

•H 

a 

f-4 

4-4 

a 

< 

U 

CO 

a 

U 

01 

bi 

u 

a 

u 

3 

c 

u 

*-> 

01 

a 

u 

■3 

a 

a.  x> 

c 

X 

a 

41 

4 

11 

a 

■H 

73 

u 

SL 

0 

o. 

H 

-o 

u 

X 

01 

a 

c 

-a 

cu 

1> 

O 

o 

to 

u-l 

•  p4 

J 

CQ 

o 

00 

a 

5» 

c 

hi 

fl 

o 

>*  M 

m 

41 

•  p4 

u 

O 

o 

'jJ 

00 

U 

c 

a 

41 

CO 

m 

u 

4-1 

bi 

u 

-o 

D 

a 

Cb 

JB 

CO 

c 

a. 

II 

41 

01 

c 

H 

> 

c 

cc 

a 

a 

•-4 

<^ 

- — ^ 

<N 

tn 

m 

^4a 

^ — - 

uo 
10 


hi 

53 

g 

at 

S 
flu 

M5 
00 


S3 
g 


00 
C»\ 


53 

5 


fi- 


ve 


u 

g 

OS 

flu 


»-«  M  M 

©  O  *n  o  O  ls  O 

O  o  -  co  B  r»   u  n 

vO  •  00 

pH    «  e* 

en  ^  O  -a* 

CJN  CO  s© 

ON  U"\  rt 

a  •  </> 

rt  rt  — ' 


M  MM 

O  O  m  O  Q  m 

O  90  h  ^  O  N 

CN           •  CO  • 


NO 


o 


•  © 

wi  ci 

O  CM 

tn 

co 


O  O  >n  O  Q  o 
O  00  m  O  O 


CM 


M 

o  <s 
o  «o 


m 
CN 

m 


«n 
<o- 


<0  <* 
hi  cm 

s»oo 

O  rt 

<«■>  m 
co- 


rn ©  ©  © 
MNim 


o 

CN 

-cr 
co- 


ca ci 

hi  ao 

O  ao 

co- 


co sr 


O  CQ 

rt  OS 
IJ 

a  01 

06  SO  41 
«  M 

W   41  hi  CO 

u  s  at  hi 
>  at 

o  > 


u 

—  -  -  -  «l 
cu  >  u      o  flu 

H  U  « 

c  u  z     *j  a 

0   II  O  d  M  -H 


53 

g 

OS 
H 

8 


$  &  1  ^  -  t  8 

<  Q  U  •  H 

SB  •  M  > 

3    3  U  -<  CU  rt  06 

B    B  U  ■  hi  tJ  (Ml 

<  3  W  hi  CO 
X    fi  CJ  jj  la  0 

*  s  ** M  3  a 

x  a 


2 


a 

O 

hi 

rt 

u 

M 

9) 

on  in 

o 

hi 

ao 

t 

00 

o> 

in 

— H 

CO- 

t  coverage 

986  rates. 

CO 

rt 

hi 

0) 

TJ 

« 

in  in 

o 

M 

rt 

u~l 

• 

rt 

01 

4J 

• 

4-1 

01 

co 

m 

rt 

CO 

co 

O 

ON 

rt 

CO 

u 

© 

0J 

3 

JS 

U 

u 

60 

rt 

0-4 

hi 

s 

co- 

s 

o 

CO 

o 

edu 

nd 

ldi 

• 

rt 

• 

hi 

rt 

o 

o 

3 

>N 

« 

• 

-O 

M 

hi 

41 

hi 

q  m 

3  CN 

O 

U 

s 

CO 

rt 

o 

0» 

•H 

o 

at 

CO 

rt 

•o 

3 

rv 

»H 

9H 

4J 

> 

rt 

<w 

o 

PO 

CO 

o» 

tq 

at 

4J 

rt 

B 

01 

N 

JS 

in 

o 

•«»4 

4-1 

U-I 

CO- 

•rt 

<W 

•w 

B 

o 

o 

1 

at . 

o 

rt 

M 

01 

a 

"O 

§ 

O 

CO 

oa 

44 

ao 

at 

w 

U 

hi 

a 

rt 

C 

hi 

at 

co 

>> 

•  rt 

at 

CO 

•rt 

M 

M 

hi 

01 

rt 

©  m  © 

•a 

O 

hi 

>> 

at 

at 

*T  CM 

CN 

cu 

co 

3 

I 

3 

rt 

.2 

U 

o 

•o 

rt 

e 

o 

CO 

o 

(4 

CO 

JS 

> 

CM 

tJ 

• 

CO 

4-1 

•* 

0) 

01 

41 

oo 

co- 

(jj 

o 

rt 

JS 

s 

a 

J3 

4J 

•rt 

H 

CO 

at 

TJ 

at 

rt 

> 

J5 

rt 

Q 

■ 

hi 

4-1 

•rt 

•fi 

• 

« 

• 

3 

at 

B 

o 

JO 

g| 

rt 

CO 

4J 

g 

at 

o 

CO 

at 

rt 

60 

at 

41 

JS 

CO 

s 

§ 

jg 

hi 

rt 

CO 

CO 

"O 

CO 

• 

at 

at 

hi 

a 

<0 

00 

>N 

o 

05 

« 

1 

u 

T9 

oo 

m 

u 

B 

at- 

4-1 

CO 

O 

^\ 

hi 

•rt 

CO 

v© 

« 

o 

at 

■o 

U 

N^ 

« 

rt 

B 

hi 

at 

CO 

3 

« 

4-1 

rt 

3 

u 

<9 

3 

• 

u 

rt 

38 

CO 

rt 

u 

••4 

rt 

CO 

at 

3 

rt 

• 

CO 

a 

rt 

00 

U 

CO 

« 

u 

« 

rt 

y 

SO 

• 

•3 

oo 

CO 

• 

rt 

B 

w 

u 

•o 

41 

1  -H 

CO 

O 

•rt 

O 

rt 

4J 

B 

a 

co 

JS 

■O 

1  0* 

B 

rt 

rt 

CO 

4J 

ca 

u 

3 

00 

rt 

Me 

•rt 

1  -rt 

O 

£ 

s 

U 

hi 

§ 

rt 

o 

at 

4) 

1  CL 

rt 

rt 

■— i 

a 

hi 

hi 

4-1 

ji 

o 

o. 

1  0) 

at 

O 

T3 

CO 

CO 

rt 

De 

• 

so 

u-c 

B 

rt 

•rt 

4-1 

1  «o 

CO 

CO 

u 

o 

CO 

JS 

oo 

co 

at 

at 

•rt 

rt 

1  u 

«j 

at 

rt 

hi 

hi 

u 

• 

hi 

hi 

00 

o. 

o> 

•rt 

1  3 

o 

CO 

ON 

at 

r»t> 

hi 

flu 

X 

as 

rt 

a 

a. 

rt 

In 

CN 

in 

vO 

S3 
5 


00 
OS 


g 

as 


CO 
OS 


Ell 

g 

os 
B 
0u 

«o 
ps 
OS 


at! 


S3 
B 

00 

£ 

o 


z 

o 

I— I 

s 

o 
a 

g 


sO  o  o 
OS  sO 


co  h 

CO 


<«  a 


60  8 


1 

o 

Z  <J  —>  < 
<   «  -H  H 
O   3  O 
J  U  «  H 

i 


Ostnso 

co  rs  o  vO 
■J  *  ^  < 

•I  rs 
CS  OS  v> 
— 1  CO  — • 

CO  — 'CO 


O  -»  -*  O 

co  r»  o  n 

OS  Os  os  oo 

N  is  o  ^ 
—I  CM  vO 
-*  CO  — I  CO 
CO  s^  CO 


4  *  N  N 
IN  N  OS  vO 

oc  »  rs  h 

— <  ps  OS 

Ifl  IN  NCI 
CO  CO  CO 
w  s>  ■ — '  </> 


CO  «*  sO  00 

00  rs  us  © 

N  OS  N  N 

CO  rs  so  i» 

1*1  CM  sO  st 

iO  CO  CO  — I 

W  W  S»»  CO 


O  st  — 
<o  r»  ps  os 
os  os  os 

ps  rs  us 

M  M  00 
CO  CO  -H 
w  w  CO 


91 

V  U 

1 1 

ej  « 

co  co 

w  w 

X>  XI 

u  V 

a  -a 

«  « 

U  00 

3  CL 

CJ  © 


CO  -*  sO 
CO  ©  CO 
US  st  0O 


st  CM  CO 
CM  CO  o 
CO  </>  CO- 


CO ©  CO 
CM  -»  00 
Os  ©  st 

M  M  00 
vO  -o  ^ 
CO  CO  CO 


— I  o  sf 

CN  O  — 1 

h  n  o 

co  co  st 

-4  O  SO 

— i  »h  co 

CO  CO 


CM  CO  00 
00  s0  00 

co  cm  r_ 

•     <b  • 

co  cm  rs 

CN  —I  vO 
—  —  CO 

CO  CO 


os  cm  us 
Os  00 

st  so  us 

SO  «N  Ps 

us  -of  oo 
—  -h  co- 
co co 


CU    CU  CU 

a  *  J2 

3    <J   u  u 

©   •  •  • 

_J    u   u  u 

E  to  a  to 

3J  K  K  K 

dimes'o 

j    H    (S  1^ 


—j  o  o 

CO-  5  sl- 
Os  rs 


CM 


CO  H 
CO 
60  Q 

sm  a  O 

CO  »H 

-s  -o  J 
d  CJ  CO  S 

> 
w 
-J 


O  00  00  sO 

CO  ©  CO  sO 

ST  OS  CO  CM 

st  Ps  CM  CM 

sO  OS  vO  sO 

—t  CO  CN  CO 

CO  — '  CO  w 


O  00  00  sT 

CO  O  CO  O 

OS  Os  00  *H 

cm  rs  o  in 

—  as  — ,  co 

-l  (»  N  w 

CO  w  co 


st   00  —I  CO 
CM  O  CO  CO 
00  OS  rs  CM 
«i     •     »  * 

-n  Ps  Os  sT 

us  OS  •st  sO 

CO  CO  -H  CO 
w  w  CO 


CO  00  —I  sf 

CO  ©  Os  fs 

ps  OS  cO  CM 

oo  rs.  co  rs. 

co  o»  CO  Ps 

co  co  — <  co 

v  w  CO 


O  00  00  sO 
CO  O  O  SI'S 
OS  Os  O 

PS  PS  CO 
OS  OS  "H 

CO  CO 

- — -  w  CO 


OS  nO  CO 
Os  OS 
Os  O  CO 

CO  00  (A 
CO  CM 
CO  CO  CO 


sf  OS  u-i 

Ps  CO  OS 

/i  in  os 

CO  -  - 
s^  — 1  OS 

CO  CO 


Os  O  «=h 
HON 

vO  oo  m 

OS  CM  ICS 
CO  CO  CO 


O  CO  US 
GO  <0  OS 
00  Ps  CM 

OS  p>4  OS 
US  US  — 1 

co  co  co 


Ps  CM  CM 
vO  OS  OS 
OS  — t  © 

CM  CM  OS 
Os  00  CO 
CO  CO  CO 


cu  cu 

u  u 

e:  k 

cu  cu 

CO  CO 

cu 

C  T3 

cu  eg 

U  u 

u  oo 

s  a. 

cj  © 


u  Eh 


>  30 

U  CO 

tu  -< 

CO  CJ 

4J  X 

•°  s 

«  H 

a 

w 

-h  as 

OB  O 

O  W 

H  cp 


V  01  V 

j;  Ji  j: 

w  u  u 

CO  a  eg 

Ix  Id  u 

so  pa  oa 


I  MNM 

CO  US  CM  O 
g  -HCMUS 


5 
H 

OS 

w 


co  H 

CO 

oo  o 

dcScSS 

> 
H 


CM 


O  rs  is  /i 
CO  US  00  -H 
<f  US  Os  OS 

-3>  vO  O  © 

\0  — «  ao  ao 

XH  NOV 

CO  CO  CO  w 


©  ps  fs  CO 

cn  us  oo  us 

os  us  ^  ps 

CM  vO  Os  CO 

-H  — .  CM  CM 

>H  —  CM  CO 

co  co  co  — ' 


sT  Ps  © 

CM  US  00  00 

00  US  CO  US 

M  vO  00  US 

US  vO  ■st 

CO  —i  —I  CO 

— '  CO  CO 


00  US  s?  CM 
ps  US  CO  *o 

00  nO  US  00 
CO  H  US  US 
CO  — <  CO 
w  CO  CO 


©  Ps  p»  ps 
CO  US  US  © 
us  us  ST 

vO  so  Ps 
-x  — «  OS 

—I   —i  CO 

co  co 


^s 

© 

O 

^ — - 

5 

© 

© 

cu 

cu 

o 

OS 

US 

CJ 

V 

CM 

CO 

•ft 

o 

rs 

u 

I 

co 

cu 

CM  Os  CM 
©  CM  O 
OS  CN  sf 

US  st  CM 

us  ^  co 
co  <o 


00  st  \0 
©  OS  CO 
US  US  OS 

Ps  <t  CM 
— <   —  CO 

CO  CO  w 


iO«0 
00  sO  OS 
sO  sO  US 

CM  %0  CM 
CO  CM  CO 
CO  CO 


vO  ©  CO 
st  CO  sO 
Os  CO 

CM  US  sO 
st  CO  V> 
CO  CO 


CO  OS  —I 
co  us  so 

©  O^-H 

>0  vO  vO 
ps  ^  CM 
CO  CO  CO 


© 


CU 
>s 


S3 

CU 


sO 


XI  XI 

5  a1 

u  cu 

S  -3 

CU  co 

u  u 

U  00 

3  a. 

u  © 


I*  co 

cu  < 

CO  CJ 

u  X 

■a  < 

W 

-x  flt! 

00  O 

4-1  [» 

0  uj 

H  03 


2 


3C 

co 


a 

Bd 

UJ 

c 

< 


cu  cu  cu 

J<!  J>:  ^ 

O  CJ  o 

CO  (Q  oo 

u  u  u 

oo  oo  oa 

M  K  M 

US  CM  © 

H  (SI  Ifl 


cu 

T3 
CO 

60 

o. 

3 

a 

o 


Xi 


BUILDIN3  T-l 

IMPACT  OF  SEISMIC  UPGRADING  CN  CURRENT  RENTS 


MCNTHLY  PERCENT 
RENT  INCREASE 


UPGRADE  LEVEL 

COST  PER 
SQFT 

TOTAL 
COST 

COST  PER 
UNIT 

INCREASE 
PER  UNIT 

NEW 
RENT 

CVER 

CURRENT  RENTS 

WALL  ANCHORAGE 

$6 

$176,400 

$1,764 

$23 

$308 

8% 

LEVEL  1 

$21 

$617,400 

$6,174 

$82 

$367 

29% 

LEVEL  2 

$25 

$735,000 

$7,350 

$97 

$382 

34% 

68 


BUILDING  T-2 


Prototype  T-2  is  a  five  story  Tenderloin  building  containing  40 

studio  apartments  that  rent  at  an  average  $380  per  month.    The  building 

has  no  commercial  space.  As  in  prototype  T-l ,  the  vacancy/loss  factor  is 
six  percent. 

Impact  on  Owner 

Rents  from  this  building  do  not  support  a  mortgage  of  80%  of  the  1986 
estimated  purchase  price;  therefore,  the  building  would  not  be  able  to 
support  the  additional  debt  service  required  for  seismic  upgrading. 
However,  in  contrast  to  the  long-term  ownership  common  to  individuals  and 
family  associations  in  Chinatown,  the  investment  scenario  typical  for 
building  of  this  sort  may  involve  equity  contributions  from  a  number  of 
partners  who  share  in  the  income  and  tax  losses  generated  by  the  building. 


PROTOTYPE  *  \ 

T-2 

NEIGHBORHOOD  1 

TENDERLOIN 

OWNERSHIP 

PRIVATE 

BUILDING  TYPE  ! 

APARTMENTS 
NO  COMMERCIAL 

*  STORIES 

5 

WITH  ELEVATOR 

TOTAL  BU ILDING  AREA  ( 1 ) 

13,750 

SQFT 

*  RES.  UNITS 

40 

STUDIOS 

RESIDENTIAL  RENT 

$380 

/STUDIO/MONTH 

COMMERCIAL  AREA 

0 

SQFT 

COMM.  RENT 

SQFT /MO 

(1)    Building  area  is  calculated  as  follows: 

40  studios  @  275  sf  -  H000  sf  ■ 

x  1.25  circulation  factor  -  13750  sf  TOTAL 
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BUILDING  T-3 


With  the  exception  that  it  is  owned  and  managed  by  a  non-profit 
organization,  the  building  represented  by  prototype  T-3  is  identical  to 
that  described  by  prototype  T-2. 

Demonstrating  practices  common  to  non-profit  owners,  the  rents  in 
this  building  are  lower  ($300  per  unit)  and  the  operating  expenses  are 
higher  than  for  the  comparable  privately-owned  building.    Because  the 
demand  for  inexpensive  units  is  high,  this  building's  vacancy  rate  is 
lower  than  that  used  in  prototype  T-2. 

Reflecting  the  lower  rents  and  higher  expenses,  this  buildings's 
operating  expenses,  while  amounting  to  $2,000  per  unit,  consume  a 
substantial  portion  of  the  effective  gross  income. 

As  in  prototype  C-3,  we  have  assumed  that  sixty  percent  of  the 
purchase  price  has  been  covered  by  grants  or  deferred-interest  loans. 

Although  the  monthly  rent  increases  that  would  be  allowed  if  this 
building  is  reinforced  are  the  same  as  for  building  T-2,  the  presumably 
very  low-income  tenants  in  this  nonprofit-owned  building  will  face  a 
larger  percentage  increase  over  their  current  rent. 


PROTOTYPE  #  1 

T-3 

NEIGHBORHOOD  1 

TENDERLOIN 

OWNERSHIP 

NON-PROFIT 

BUILDING  TYPE  1 

APARTMENTS 
NO  COMMERCIAL 

#  STORIES  1 

5 

WITH  ELEVATOR 

TOTAL  BUILDING  AREA  (1)1 

13 

,750 

SQFT 

#  RES.  UNITS 

40 

STUDIOS 

RESIDENTIAL  RENT 

$300 

/ROOM/ MONTH 

COMMERCIAL  AREA 

0 

SQFT 

COMM.  RENT 

SQ FT/MO 

(1)    Building  area  is  calculated  as  follows: 

40  studios  §  27  5  sf  -  11000  sf 

x  1.25  circulation  factor  -  13750  sf  TOTAL 
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BUILDING  B-1 


Prototype  B-1  represents  a  four  story  Bush  Street  apartment 
building.    The  building  has  20  studio  apartments  that  rent  at  an  average 
of  $420  per  month,  and  15  one-bedroom  units  whose  rents  average  $520. 
Reflecting  the  fact  that  this  neighborhood  has  less  turnover  than  the 
Tenderloin,  the  vacancy/collection  loss  rate  for  this  building  is  4%. 

This  prototype  reflects  a  typical  unreinforced  masonry  building 
located  in  the  Bush  Street  corridor.    Seventy-three  percent  of  the  URM 
residential  buildings  in  this  area  are  apartment  buildings.    One-third  of 
these  are  four  stories  tall,  and  35%  of  the  Bush  Street  apartment 
buildings  have  twenty  to  thirty-five  units. 

Purchase  prices  for  buildings  in  this  located  in  the  last  few  years 
appear  to  be  somewhat  too  high  for  the  current  rents  to  support.    If  the 
estimated  sales  prices  are  correct,  owners  may  be  paying  higher  prices  at 
the  present  time  with  the  expectation  that  rents  will  rise  substantially 
in  the  near  future. 


PROTOTYPE  #  I 

B-1 

NEIGHBORHOOD  I 

BUSH  STREET 

OWNERSHIP  I 

PRIVATE 

BUILDING  TYPE  I 

APARTMENTS 
NO  COMMERCIAL 

#  STORIES  | 

4 

NO  ELEVATOR 

TOTAL  BUILDING  AREA  (1)1 

13,438 

SQFT 

#  RES.  UNITS  1 

20 
15 

STUDIOS 
1 -BEDROOMS 

RESIDENTIAL  RENT  I 

$420 
$520 

/STUDIO /MONTH 
/ 1 -BR/ MONTH 

COMMERCIAL  AREA  I 

0 

SQFT 

COMM.  RENT  | 

SQFT /MO 

(1)    Building  area  is  calculated  as  follows: 

20  studios  9  275  sf  and  15  1BR  @  350  s£  -  107  50  s£ 

x  1.25  circulation  factor  -  13438  sf  TOTAL 
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CONCLUSIONS 


The  economic  pro  formas  developed  here  approximate  typical  financial 
conditions  for  owners  of  URM  buildings  in  Chinatown,  the  Tenderloin,  and 
the  Bush  Street  Corridor. 

From  the  pro  formas,  we  can  see  that  buildings  that  have  been  held 
for  some  time  do  maintain  positive  cash  flows  despite  low  residential 
rents.    This  is  because  debt  service  costs  are  low.    Many  buildings 
purchased  recently,  however,  are  barely  breaking  even  or  show  a  negative 
before  tax  cash  flow  when  financed  conventionally.    The  point  is,  most 
buildings  that  have  sold  within  the  last  five  years  are  not  economic. 
Sales  prices  are  significantly  higher  than  their  rental  incomes  can 
support. 

This  is  particularly  true  for  buildings  in  the  Tenderloin  and  Bush 
Street  neighborhoods  where  there  have  been  as  many  as  twelve  sales  per 
year.    While  it  may  be  true  that  sale  prices  are  higher  than  economic 
values  in  Chinatown  as  well,  there  have  only  been  three  URM  building 
sales  in  this  neighborhood  in  the  last  five  years,  so  an  average  market 
value  is  difficult  to  predict. 

Only  buildings  which  been  held  by  the  same  owner  for  ten  to  fifteen 
years  have  strong  positive  before-tax  cash  flows.    It  may  seem  that  these 
owners  could  support  the  additional  cost  of  a  seismic  upgrading,  but  long 
term  owners  typically  are  not  real  estate  developers.    In  most  cases, 
they  are  the  "mom  and  pop"  owners  of  a  single  building,  and  the  building 
may  be  their  main  source  of  income.    (Based  on  available  city  data,  it  is 
not  possible  to  distinguish  individual  owners  from  management  firms  or 
investment  companies.    National  statistics  tell  us  however  that  60%  of 
inner  city  residential  buildings  are  owned  by  "mom  and  pops".)    What  this 
means  is  that  even  though  cash  flows  may  indicate  an  ability  to  assume 
some  additional  debt,  individual  owners  may  not  be  able  to  afford  the 
upgrading.    Further,  because  the  economic  values  of  the  buildings  are 
low,  these  owners  would  not  qualify  for  bank  loans  for  building 
improvements,  especially  for  non-cosmetic  rehabilitation. 

If  owners  with  positive  cash  flows  have  trouble  with  private 
financing,  clearly  the  buildings  which  are  barely  breaking  even  will  not 
be  looked  on  favorably  by  lenders.    From  the  tables  on  the  impact  of 
upgrading  on  cash-flow,  it  is  evident  that  the  cost  of  a  wall  anchorage 
system  is  within  the  realm  of  the  possible  while  Levels  1  and  2  are 
substantially  greater  than  most  owners  could  afford  or  be  able  to  finance. 

The  per  square  foot  cost  of  these  methods  of  upgrading  translate  into 
average  per  unit  costs  of  approximately  $1,000  for  wall  anchors, 
$5-$7,000  for  Levels  1  and  2,  and  $12-$15,000,  if  additional  code 
violations  are  corrected  and  cosmetic  renovation  is  undertaken  at  the 
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same  time.5    In  terms  of  the  overall  economic  impact  on  the  city,  this 
impl ies : 

minimal  upgrading     $1000  x  26,000  apt.  and  hotel  units 

=  $26,000,000. 

full  code  $5-7000  x  26,000  units 

=  $130-182,000,000. 

total  rehab  $12-14000  x  26,000  units 

=  $312-390,000,000. 

Similarly  the  impact  on  tenants  is  substantial.    For  every  $1000  in 
rehabilitation  costs  the  owner  is  allowed  to  pass  through  a  rent  increase 
of  $13.22  per  month.    With  an  upgrading  cost  of  $7000,  the  rent  increase 
is  $92.51;  for  $15,000,  the  increase  is  $198.23.    This  represents  a  50  to 
100%  increase  in  rent  for  tenants  who  are,  for  the  most  part  low-income 
and  elderly. 

These  figures  represent  general  financial  conditions  in  Chinatown, 
the  Tenderloin,  and  the  Bush  Street  Corridor.    They  indicate  that  any 
cost  above  the  level  of  a  minimal  upgrade  would  prove  difficult  for 
building  owners  to  absorb,  nearly  impossible  to  finance,  and  a  severe 
hardship  on  existing  tenants. 


^Estimates  close  to  the  $15,000  end  of  this  range  include  more  than  seismic  upgrading. 
Also  included  are  improvements  that  a  bank  would  require  in  order  to  make  a  loan. 
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CHAPTER  III.    SEISMIC  STRENGTHENING  AND  ASSOCIATED  COSTS 


EARTHQUAKE  ENGINEERING 

There  are  several  disciplines  involved  in  the  general  field  of  the 
earthquake  engineering.    The  disciplines  have  focused  primarily  on  two 
issues:  1.)  the  environmental  causes  and  effects  of  seismic  events  and 
2.)  how  buildings  perform  when  exposed  to  such  events.    The  first  topic 
has  been  addressed  by  geotechnical  engineers  and  earth  scientists.  The 
second  topic  has  been  addressed  mainly  by  civil  and  structural  engineers 
and  architects.    The  primary  research  methodologies  employed  have  been 
reconnaissance  reports  from  field  investigations  after  major 
disasters;experimental  data  from  research  on  the  strength  of  building 
materials,  structural  systems,  etc;  and  engineering  analytical  models  for 
structural  analysis.    Knowledge  has  been  primarily  focused  on  new 
building  design,  although  in  the  last  decade  a  good  deal  of  attention  has 
been  focused  on  existing  buildings. 

New  design  considerations  and  their  adoption  into  the  building  code 
are  the  major  concerns  of  earthquake  engineering  literature  on  new 
construction.    Experimental  research  addressing  new  building  component 
and  system  types  has  been  done  on  the  force  deformation  characteristics 
of  structural  components  for  new  buildings.    Post-earthquake  evaluations 
of  buildings  and  analytical  models  advance  the  development  of  earthquake 
resistant  design  technologies.    Recently,  the  Federal  Emergency 
Management  Agency  (FEMA)  initiated  an  attempt  to  consolidate  this 
information  and  put  it  into  a  usable  and  valuable  form  as  seismic 
regulations  for  buildings.    Many  groups  were  involved  including  National 
Science  Foundation  (NSF),  Applied  Technology  Council  (ATC),  Structural 
Engineers  Association  of  California  (SEAOC),  National  Bureau  of  Standards 
(NBS) .American  Society  of  Civil  Engineers  (ASCE),  National  Institute  of 
Building  Sciences(NIBS) ,  and  Building  Seismic  Safety  Council  (BSSC.)The 
bulk  of  this  work  involved  the  Tentative  Provisions  for  the  Development 
of  Seismic  Regulations  for  Buildings,  done  by  ATC  in  1978  and  later 
analyzed  by  BSSC.    The  objectives  of  this  set  of  provisions  are: 

1.  To  evaluate  the  knowledge  acquired  in  recent  research  and 
experience  gained  during  on-site  observations  of  the  effects  of 
earthquakes  and  to  assemble  it  in  a  concise  and  comprehensive 
document  for  general  use  by  building  design  professionals  and  others. 

2.  To  write  the  tentative  design  provisions  so  as  to  permit, 
insofar  as  possible,  ingenuity  of  solution,  but  with  definitive 
criteria  to  evaluate  the  resulting  design. 

3.  To  provide  seismic  protection  criteria  which  will  be 
applicable  to  all  probable  earthquake  areas  of  the  United  States. 

4.  To  recognize  that  acceptable  seismic  risk  is  a  matter  of 
public  policy  determined  by  a  specific  government  body  and  should  be 
based  upon: 

(a)An  evaluation  of  available  technical  knowl-edge, 
including  the  areas  of  seismicity. 
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(b)  Reasonable  means  available  for  protection. 

(c)  The  magnitude  of  the  earthquake  risk  compared  with 
acceptable  risks  for  other  hazards. 

(d)  The  economic  and  social  impact  of  a  major  catastrophe. 

5.  To  provide  tentative  design  provisions  applicable  to  all 
buildings,  including  existing  buildings,  and  appropriate  structural 
as  well  as  nonstructural  components.    To  include  requirements  for 
structural  analysis,  design,  and  detailing  which  will  provide 
adequate  earthquake  resistance  for  typical  buildings  and  to  make 
recommendations  with  respect  to  the  design  of  atypical  buildings. 

6.  To  recognize  that  for  critical  facilities  there  should  be 
consideration  in  the  design  of  building  structural  and  nonstructural 
systems  of  limiting  damage  in  order  to  maintain  the  level  of  function 
determined  to  be  necessary. 

7.  To  provide  a  commentary  to  assist  the  user  in  understanding 
the  intent  and  background  of  the  provisions  and  to  assess  the 
implications  of  any  alterations  made  to  the  provisions  in  the 
future. 1 

Work  is  still  in  progress  on  seismic  code  development, reflecting 
state-of-the-art  knowledge  of  earthquake  resistant  design  in  new 
buildings. 

Seismic  Retrofit  of  Existing  Buildings 

The  work  on  existing  buildings  began  relatively  recently.    With  the 
recognition  that  our  present  seismic  hazard  exists  not  in  buildings 
currently  being  designed,  but  in  our  stock  of  existing  buildings,  and 
that  the  primary  solution  to  this  problem  rested  in  large  part  in  the 
technical  domain  of  engineers,  FEMA  held  a  workshop  on  "Reducing 
SeismicHazards  of  Existing  Buildings"  in  December,  1985.    The  workshop 
was  put  together  by  ATC,  BSSC  and  EERI  (Earthquake  Engineering  Research 
Institute),  with  the  intent  of  clarifying  state-of-the-art  information 
regarding  the  methodologies  for  evaluating  seismically  hazardous 
buildings  and  procedures  for  strengthening  existing  buildings. 

The  first  step  in  reducing  the  seismic  hazards  associated  with 
existing  buildings  is  identification  of  potentially  hazardous  buildings. 
While  several  such  models  exist, there  is  a  consensus  on  the  overall 
methodology.    Generally  this  consists  of  identification  of  categories  of 
potentially  hazardous  buildings  by  preparing  a  building  inventory 
database.    The  potential  hazard  of  an  existing  building  can  be  valuated 
in  several  different  terms,  including  life  loss  and  injuries,  cost  of 
repairs  and  reconstruction,  social  and  economic  losses,  and  physical 
damage  to  the  building.  While  the  assessment  of  potential  hazard  is 
relatively  straightforward,  the  evaluation  of  the  seismic  performance  of 
specific  buildings  is  more  problematic.    It  is  generally  agreed  that 


'Applied  Technology  Council,  Tentative  Provisions  for  the  Development  of  Seismic 
Regulations  for  Buildings  and  Proposed  Amendments.  1982,  pp  2-3. 
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unreinforced  masonry  (URM)  buildings  are  the  most  potentially  vulnerable 
type  of  building  in  terms  of  physical  damage  and  these  have  been  the 
focus  of  most  buildings  surveys.    (See  Figure  5.) 

Despite  recent  advances  in  structural  analysis  and  in  correlation 
between  earthquake  characteristics  and  structural  response,  prediction  of 
damage  in  individual  buildings  is  still  subject  of  much  uncertainty.  An 
accurate  assessment  of  performance  must  be  based  on  experience  and 
observation  of  performance  in  previous  earthquakes  and  on  the  structural 
uniqueness  of  specific  buildings.    In  the  1985  FEMA"Workshop  on  Reducing 
Seismic  Hazards  of  Existing  Buildings, "Boris  Bresler  described  the  work 
necessary  to  establish  an  acceptable  level  of  seismic  performance  on  some 
probabilistic  or  acceptable  risk  basis.    According  to  Bresler,  while  work 
has  been  done,  there  is 

no  sufficient  data  base  to  verify  the  validity  of  the  methods 
used  for  risk  assessment,  and  establishment  of  an  acceptable 
level  of  seismic  risk  is  a  socio-economic  decision  arrived  at 
through  a  political  process.    However,  to  the  extent  that  such  a 
decision  must  take  into  account  technological  factors,  it  is 
appropriate  to  review  the  proposed  values  of  the  reduced  level 
of  seismic  performance  of  old  buildings  as  compared  to  that  of 
buildings  designed  in  accordance  with  current  building  codes. 
This  approach  is  acceptable  with  respect  to  the  increased  risk 
of  property  damage;  it  is  not  acceptable  with  respect  to 
increased  risk  of  life  loss  or  injury. 

While  there  is  much  uncertainty  associated  with  the  seismic 
performance  of  a  specific  building,  some  general  consensus  exists  in  the 
engineering  community  on  certain  issues  regarding  unreinforced  masonry 
(URM)  buildings.      There  is  general  agreement  on  the  fact  that  URM 
buildings  pose  a  serious  threat  to  life  safety.    Also  there  is  agreement 
on  the  typical  collapse  mechanisms  and  the  basic  steps  and  strengthening 
requirements  common  to  almost  all  URM  buildings.    While  the  exact  method 
of  strengthening  will  vary  according  to  building  characteristics  and 
preferences  of  individual  engineers,  these  variations  fall  within  a 
relatively  small  range. 

Over  the  last  several  years,  techniques  have  been  developed  for  the 
retrofit  and  strengthening  of  existing  buildings.    Some  of  these 
techniques  have  been  analyzed  experimentally  and  proven  through 
experience  in  actual  earthquakes.    The  system  of  wall  anchors,  shear 
bolts  and  ties  is  one  such  example.    More  recent  and  innovative 
developments,  though,  do  not  have  the  benefit  of  a  post-earthquake 
performance  record.    Thus,  for  methods  such  as  steel  bracing,  while  some 
analytical  substantiation  of  its  validity  has  occurred,  there  remain  many 
associated  uncertainties. 

Recently  much  effort  has  been  expended  studying  the  retrofit  of 
existing  buildings.    Still,  specific  criteria  for  strengthening  have  not 
yet  been  accepted  by  the  larger  engineering  community.    Similarly,  many 
municipalities  have  implemented  retroactive  building  codes,  but  a 
comprehensive  code  specific  to  existing  buildings  has  yet  to  be 
established.    This  is  due  in  part  to  the  fact  that  the  premises  of 
earthquake  resistant  design  are  extremely  broad,  especially  in  the  case 
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Roof/floor  span  system  Roof/floor  diaphragms 

1.  wood  post  and  beam  (heavy  tinber)  4.  diagonal  sheathing 

2.  wood  post,  beam,  and  joist  (mill  construction)  5.  straight  sheathing 

3.  wood  truss  -  pitch  and  curve 


Details 


6.  typical  unbraced  parapet  and  cornice 

7.  flat  arch  window  openings 

8.  small  window  penetrations 

(if  bldg.  is  orginally  a  warehouse) 


9.  bearing  wall  -  4 
to  8  wythes  of 
brick 


Figure  5 

Unreinforced  Masonry  Bearing  Wall  Buildings  -  3  and  4  Stories 

Source:    Lagorio,  Henry  J.,  Howard  Friedman  and  Kit  Wong,  Issues  for 

Seismic  Strengthening  of  Existing  Buildings:  A  Practical  Guide 
for  Architects.  Center  for  Environmental  Design  Research, 
University  of  California,  Berkeley. 
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of  existing  buildings.    Such  factors  as  age, materials ,  workmanship,  etc., 
must  be  incorporated  into  the  engineering  designs.     Thus,  mathematical 
models  alone  cannot  define  the  problems  and/or  regulate  solutions. 
In-stead  engineering  judgment  must  be  included  in  the  process.  Further, 
all  the  existing  municipal  codes  acknowledge  that, due  to  economic 
factors,  strengthening  criteria  cannot  be  based  on  current  code 
requirements,  but  instead  must  be  based  on  provision  of  an  acceptable 
level  of  life  safety.    The  definition  of  this  level  of  safety,  though,  is 
not  solely  in  the  domain  of  the  engineering  community,  but  the  political 
community  as  well.    Clearly,  the  establishment  of  an  acceptable  set  of 
strengthening  criteria  for  existing  buildings  is  a  complex  task. 

Seismic  Codes  for  Existing  Buildings 

To  date,  the  implementation  of  seismic  upgrading  requirements 
specific  to  existing  buildings  has  been  a  local  activity,  while  the 
state's  role  has  been  primarily  one  of  encouraging  these  local  policies. 
However,  in  September  of  1986  the  International  Conference  of  Building 
Of f icials( ICBO)  adopted  the  Uniform  Code  for  Building 
Conservation(UCBC) .    This  includes  a  section  on  seismic  upgrading  of 
hazardous  buildings  which  applies  to  all  URM  bearing  wall  structures 
constructed  prior  to  the  adoption  of  earthquake  design  requirements  by 
the  jurisdiction.    If  California  chooses  to  adopt  this  code,  it  would 
give  further  credibility  to  California's  recently  adopted  State  Historic 
Building  Code.2 

Several  municipalities  in  California  have  established  seismic  codes 
specific  to  existing  buildings.  (See  Figure  6.)  These  ordinances  are  in 
part  a  response  to  legislation(S.B.445)  sponsored  by  the  California 
Seismic  Safety  Commission  (SSC)  in  1979  which  allows  local  governments  to 
develop  retroactive  seismic  codes  that  would  be  less  stringent  than 
current  code  requirements  for  new  buildings.    This  removes  a  potential 
liability  barrier  to  the  adoption  of  such  ordinances.    In  1984,  the  SSC 
sponsored  legislation  (S.B.1797)  which  would  have  required  local 
governments  to  identify  hazardous  buildings  in  their  jurisdiction,  notify 
owners,  and  urge  these  owners  to  make  their  buildings  safer.  This 
legislation  was  passed  by  the  legislature  but  vetoed  by  the 
Administration.    In  July  1986,  a  similar  but  less  comprehensive  bill 
(S.B.547)  became  law,  requiring  all  local  governments  to  identify 
potentially  hazardous  URM  buildings,  notify  owners, and  prepare  a  program 
for  mitigation  of  the  identified  potentially  hazardous  buildings. 

The  local  ordinances  established  thus  far  are  of  two  types,  active 
and  passive  (Holmes  and  Thurston,  1985  Active  abatement  targets  specific 
buildings,  classes  of  buildings,  or  elements  of  buildings  and  requires 
specified  actions  to  be  taken.    Passive  abatement  programs  require  hazard 


'The  California  State  Historic  Building  Code  is  in  its  early  stages  of  implementation. 
This  code  leaves  the  seismic  requirements  to  the  discretion  of  the  Building  Official.  It 
effectively  allows  arbitration  between  local  and  state  officials  in  requirements  related  to 
seismic  forces. 
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reduction  only  when  a  predefined  action  (normally  involving  a  change  in 
existing  conditions,  such  as  a  major  renovation  and/or  change  in  use)  is 
taken  by  the  owner. 

In  general,  the  system  of  active  abatement  codes  is  as  follows. 
First,  a  target  is  identified,  which  may  be  a  class  of  buildings  (e.g. 
all  unreinforced  masonry  buildings  built  before  1933),  or  an  element  of  a 
building  (e.g.  parapets).      Second,  priorities  for  hazard  reduction  are 
determined , general ly  based  on  occupancy  and  use.    Third,  strengthening 
requirements  are  established,  designating  appropriate  force  resistance  of 
the  building  and/or  its  components  and  based  upon  certain  assumptions 
regarding  the  existing  building's  strength.    And  last,  a  time  frame  is 
developed  for  compliance  with  the  code. 

Passive  abatement  of  existing  hazardous  buildings  usually  works 
through  a  mechanism  in  which  substantial  remodeling  or  additions 
"trigger"  seismic  upgrading  requirements.    "Substantial"  remodeling 
generally  includes  increases  in  occupancy  load  or  hazard  classification, 
alterations  to  the  structural  system,  or  alterations  which  affect  a  given 
percentage  of  the  area  or  value  of  the  building. 

Until  1979  the  UBC  included  a  passive  abatement  clause  in  Section 
104:  Applications  to  Existing  Buildings.    The  triggers  included:  1.) 
alterations  and/or  repairs  in  excess  of  50%  of  the  value  of  the  existing 
building  within  a  12month  period;  2.)  existing  use  or  occupancy  changed 
to  a  use  or  occupancy  which  would  not  be  permitted  in  a  similar  new 
building;  and/or  3.)  25%  of  the  roof  replaced  in  any  period  of  12 
months.    In  addition,  the  Building  Inspector  had  discretion  in  every 
alteration  or  repair  to  any  structural  part  or  portion  of  a  building  to 
require  said  work  to  conform  to  the  code. 

Since  the  1979  deletion  of  the  "25-50%"  rule,  the  UBC  has  had  no 
explicit  seismic  design  requirements  for  the  upgrade  of  existing 
buildings.    The  Uniform  Code  for  Building  Conservation,  adopted  by  the 
International  Conference  of  Building  Officials  in  1986,  contains  such  a 
clause;  however, as  mentioned  previously,  this  code  has  not  been  adopted 
by  the  State  of  California. 

With  the  ongoing  development  of  earthquake  codes,  the  primary 
regulatory  group  is  Applied  Technology  Council  (ATC).an  independent, 
nonprofit,  tax-exempt  corporation  established  in  1971  through  the  efforts 
of  the  Structural  Engineers  Association  of  California.    In  1974  ATC  was 
funded  by  the  National  Science  Foundation  and  the  National  Bureau  of 
Standards  to  conduct  a  study  which  would  lead  in  1978  to  the  publication 
of  ATC  3-06: Tentative  Provisions  for  this  Development  of  Seismic 
Regulations  for  Buildings.    This  document  contains  tentative  seismic 
design  provisions  for  use  in  the  development  of  seismic  code  regulations 
for  design  and  construction  of  buildings.    This  document  and  its 
1982amendments  represent  a  design  philosophy  and  set  of  objectives 
generally  accepted  by  California's  structural  engineering  community.  The 
provisions  and  principals  developed  in  ATC  3-06  are  intended  provide  a 
basis  for  development  of  seismic  design  regulations  which  should 
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enable  most  buildings  to: 

1.  Resist  minor  earthquakes  without  damage. 

2.  Resist  moderate  earthquakes  without  significant  structural 
damage,  but  with  some  nonstructural  damage. 

3.  Resist  major  or  severe  earthquakes  without  major  failure  of  the 
structural  framework  of  the  building  or  its  component  members 
and  equipment,  and  to  maintain  life  safety.    It  is  also 
recognized  that  for  certain  critical  facilities,  particularly 
those  essential  to  the  public  safety  and  well  being  in  case  of 
emergency,  criteria  should  be  available  to  the  designer  which 
will  permit  design  of  a  facility  which  will  remain  operational 
during  and  after  an  earthquake. 

It  is  recognized,  however,  that  because  of  the  random  and 
unpredictable  nature  of  earthquake  motions  and  the  uncertainties 
concerning  ultimate  strength  capacities  and  the  response  of  buildings 
to  earthquake  motions,  the  seismic  design  requirements  can  not  fully 
ensure  that  there  will  be  no  injury  or  loss  of  life.3 

To  achieve  these  goals,  ATC  3-06  proposes  to  place  each  building  in  a 
Seismic  Performance  Category,  assigning  it,  in  effect,  a  specified  degree 
of  protection  to  be  provided  for  the  public  and  building  occupants 
against  the  hazards  resulting  from  the  effects  of  earthquake  motions  in 
buildings.    The  bases  for  this  classification  are  the  Seismicity  Index 
(expected  ground  shaking)  and  Seismic  Hazard  Exposure  Group  (use  and 
occupancy) . 

In  sum,  the  ATC  3-06  philosophy  is  to  minimize  hazards  to  life.  The 
formula  through  which  it  works  is  based  on  the  probability  of  maximum 
ground  shaking  (or  a  "design  earthquake")  and  the  importance  and 
occupancy  of  a  building.    There  is  no  specific  formula  that  relates  the 
ability  of  a  building  to  withstand  a  given  lateral  force  to  the  number  of 
lives  potentially  saved.    Instead,  the  design  provisions  attempt  to 
achieve  a  high  degree  of  life  safety  through  sound  design  practices  which 
in  turn  are  related  probabilistically  to  site  seismicity  and  building 
occupancy. 

For  existing  buildings,  ATC  3-06  suggests  an  analysis  of  seismic 
resistance  based  on  an  "Earthquake  Capacity  Ratio,"  which  compares  the 
ability  of  the  existing  building  to  resist  the  effects  of  earthquake 
motions  to  the  required  capacity  for  new  buildings.    Minimum  acceptable 
ratios  are  assigned  in  relation  to  the  Seismic  Performance  Category 
(described  above.) 

ATC  addresses  the  issue  of  life  safety  in  existing  hazardous 
buildings  by  defining  and  requiring  an  acceptable  level  of  force 
resistance  in  a  new  building,  and  then  stating  that  an  existing  building 
must  have  at  least  some  specified  percentage  of  that  strength.  The 
assumption  is  that  the  implementation  of  these  requirements  will  achieve 


^Applied  Technology  Council,  Tentative  Provisions  for  the  Development  of  Seismic 
Regulations  for  Buildings,  and  Proposed  Amendments,  1982. 
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the  goal  of  minimizing  the  hazard  to  life. 

There  is  no  direct  correlation  between  the  magnitude  of  a  quake  and 
the  ability  of  a  building  to  resist  the  associated  seismic  forces.  The 
magnitude  is  a  measure  of  the  earthquake  size  which  describes  the  amount 
of  energy  released.    The  resulting  ground  shaking,  which  causes  the 
actual  forces  that  a  building  must  resist,  is  affected  by  the  following 
variables . 

1.  Location  and  depth  of  focus,  which  affect  the  amount  of 
energy  that  reaches  the  earth's  surface  at  a  given  location; 

2.  Length  of  fault  break,  which  affects  the  magnitude  and 
duration; 

3.  Period  of  quake,  with  short  period  ground  motions  tending 
to  die  out  more  rapidly  with  distance  than  do  longer  period 
motions,  coinciding  with  the  natural  period  of  vibration  of 
low-rise  buildings  while  long  period  vibrations  tend  to 
coincide  with  longer  natural  periods  of  vibrations  of  tall 
structures,  causing  resonances;  and 

4.  Local  soil  conditions,  which  affect  the  ground  shaking,  the 
total  effect  depending  upon  the  type  of  material  in  each 
stratum  of  the  ground,  the  depth  of  each  type,  and  the 
total  depth  of  bedrock. 

Thus  building  codes  do  not  equate  lateral  force  requirements  to  an 
earthquake  of  a  specific  magnitude.    Nor  do  engineers  upgrade  a  building 
based  solely  on  this  criterion.    Instead,  engineers  locate  collapse 
mechanisms  of  a  given  building  and  aim  to  correct  them.    Typically,  in 
addition  to  lack  of  wall-diaphragm  continuity,  the  major  vulnerable 
features  of  an  URM  building  are: 

1.  Torsional  Problems  -  this  includes  corner  buildings  with 
two  open  facades  or  buildings  with  one  very  open  facade 
when  other  walls  are  solid,  as  well  as  buildings  with 
irregular  configurations. 

2.  Vertical  Discontinuity  -  this  includes  buildings  with  an 
open  first  floor  (soft  story.)    Some  URM  residential 
buildings  have  commercial  first  floors  that  tend  to  have 
large  windows  and  no  interior  partition  walls,  creating  a 
discontinuity  for  shear  transfer  from  the  above  floors. 

3.  Long  Diaphragm  Span  -  In  long  narrow  buildings,  masonry 
walls  that  can  serve  as  shear  walls  may  be  far  apart.  This 
creates  a  high  shear  stress  in  the  floor  diaphragms.  (See 
Figure  7.) 

To  date,  most  seismic  upgrades  of  unreinforced  masonry  have  been  done 
on  large  commercial  buildings,  while  very  few  have  been  done  on  small 
residential  buildings.    Typically,  a  system  of  anchorage,  bolts  and  ties 
are  added  at  floor-to-wall  and  roof-to-wall  connections;  parapets, 
cornices  and  other  falling  hazards  are  tied  to  the  building;  floor  and 
roof  diaphragms  are  reinforced;  and  shear  resisting  elements  such  as 
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Torsional  Problems 
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Figure  7 

Primary  Collapse  Merchanisms  in  URM  Buildings 

Source     Based  on  an  illustration  in  an  article  by  Eric  Elsesser, 
"Structural  Concepts  for  Seismic  Protection  of  Historic 
Buildings. ■ 
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shear  walls  or  braces  are  added.    For  this  last  element  steel  bracing  and 
gunite  are  the  most  common  materials.    The  steel  solution  typically 
employs  a  K  or  X  brace  system  inserted  into  the  structure,  the  idea  being 
that  the  steel  will  resist  the  lateral  forces  that  the  masonry  walls 
would  not.    The  gunite  solution  involves  the  application  of  concrete  to 
the  existing  masonry,  increasing  the  shear  resisting  capabilities  of 
these  walls. 

Recently,  smaller  residential  buildings  have  begun  to  be  seismically 
upgraded.    Due  in  part  to  their  numerous  interior  partitions,  these 
buildings  create  different  problems  and  opportunities  for  strengthening 
solutions.    In  some  instances,  interior  plywood  shear  walls  have  been 
used  as  shear  resisting  elements.    These  buildings  also  raise  the 
important  question  of  the  structural  value  of  existing  materials,  which 
significantly  impacts  the  design  and  cost.    Descriptions  of  the  currently 
practiced  standard  techniques  follow  on  page  106. 
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ENGINEERING  CASE  STUDIES 


In  order  to  assess  the  impact  of  a  retroactive  seismic  ordinance  in 
San  Francisco,  one  must  know  how  much  the  required  upgrade  work  would 
cost.    The  existing  information  was  not  adequate  to  make  this 
determination.    Thus,  we  conducted  the  "Unreinforced  Masonry  Seismic 
Strengthening  Workshop."    This  workshop  examined  prototypical  San 
Francisco  URM  residential  buildings  in  a  way  which  allowed  for  comparison 
of  strengthening  methods,  upgrading  levels,  building  characteristics,  and 
costs.    It  created  a  forum  for  several  experienced  engineers,  architects 
and  construction  cost  estimators  to  discuss  problems  and  solutions  for 
seismic  upgrade.    Based  on  the  research  done  prior  to  the  work-shop  and 
the  input  from  the  workshop  participants,  the  engineers  proposed  design 
solutions  based  on  a  common  set  of  assumptions.    This  established  a 
structure  in  which  design  work  would  be  comparable  in  a  systematic  way. 

Based  on  the  San  Francisco  Seismic  Hazards  Survey  data,  prototypical 
building  types  were  chosen.    According  to  the  survey,  of  the  2058  URM 
buildings  in  San  Francisco,  90.2%  are  square  or  rectangular.    Of  the 
approximately  556  URM  apartment  and  residential  hotel  buildings  in  the  17 
census  tracts  which  include  the  Tenderloin,  Chinatown  and  Bush  Street 
Corridor,  69%  are  3  or  4  stories.    Based  on  this  data  as  well  as  field 
surveys  and  review  of  typical  plans  of  apartments  and  residential  hotels 
in  these  areas,  typical  building  characteristics  were  assessed,  including 
size,  configuration,  height,  facade  patterns,  and  general  structural 
characteristics.    Following  this  analysis,  5  actual  buildings  were  chosen 
as  prototypes  to  represent  the  base  building  and  four  variations. 

The  3-4  story  rectangular  building  with  commercial  ground  floor  and 
double  loaded  corridor  above  is  the  most  common,  and  thus  defined  as  the 
basic  prototype.    The  four  other  buildings  are  variations  of  this  type:  2 
stories,  6  stories,  square,  corner  location,  and  L-shaped.    (See  Figure 
8.)    Architectural  drawings  of  these  buildings  were  produced,  based  on 
their  original  construction  documents.    In  the  few  instances  when  these 
documents  were  incomplete,  additional  information  was  extrapolated  from 
archival  records  of  similar  buildings.    These  prototypical  buildings  were 
then  used  to  compare  costs  associated  with  different  levels  of  upgrading, 
building  characteristics  and  method  of  upgrading. 

While  variations  in  the  building  itself  (e.g.  height,  footprint, 
configuration)  cause  some  variations  in  seismic  upgrade  engineering 
design  and  cost,  so  too  do  the  levels  to  which  one  designs  and  the 
methods  of  construction  one  employs.    Four  building  upgrade  scenarios, 
which  included  the  building  itself,  the  level  to  which  it  should  be 
upgraded,  and  the  prescribed  strengthening  method  (steel  or  gunite),  were 
given  to  each  of  four  engineers  to  conceive  and  document  preliminary 
solutions.    Since  the  cost  data  would  be  based  on  the  engineering  design, 
it  was  critical  to  ensure  that  the  assumptions  used  in  the  engineering 
solutions  developed  by  the  four  engineers  be  consistent. 

Each  scenario  prescribed  a  design  solution  of  gunite  or  steel.  For 
the  purposes  of  the  study,  the  engineers  were  asked  to  work  within  the 
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Building  #5 


Figure  8 

Buildings  Used  in  Enginering  and  Cost  Study 
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range  of  traditional  solutions,  with  the  intention  of  clarifying  cost 
relationships.    The  description  of  a  steel  or  gunite  solution  was  not 
meant  to  exclude  the  use  of  other  materials,  but  as  a  base  from  which 
typical  engineering  designs  could  develop.    In  fact,  solutions 
necessarily  included  typical  wall-floor  anchorage  and  other  standard 
details.    Additionally,  the  presence  of  many  interior  partitions  added  a 
variable  not  necessarily  addressed  in  many  steel  or  gunite  solutions. 

The  prescribed  seismic  force  requirements  to  which  the  engineers 
designed  were  based  on  levels  designated  in  existing  building  codes.  The 
actual  code  levels,  however,  were  modified  somewhat  in  the  interest  of 
clarity.    The  Level  1  lateral  force  requirement  was  based  on  the  Los 
Angeles  ordinance  for  existing  pre-1934  URM  buildings  and  set  at  10%  of 
the  weight  of  the  building  (W).    The  Level  2  requirement  was  based  on  the 
1973  Uniform  Building  Code  (UBC)  and  set  at  13.3%W,  which  is  equivalent 
to  San  Francisco's  current  regulations  for  existing  buildings  undergoing 
substantial  rehabilitation  work.    Level  3  was  set  at  18.6%W,  based  on  the 
level  established  in  1976  and  repeated  through  the  1985  edition  of  the 
UBC.    In  reality,  the  1973  and  1985  UBC's  lateral  force  requirements  vary 
with  the  period  of  the  building,  which  is  dependent  upon  the  relationship 
of  its  height  to  width  and  length.    Generally,  a  tall  building  will  have 
a  longer  period.    The  1973  and  1985  UBC's  lateral  force  requirements 
decrease  as  the  building's  period  increases  (See  Figure  9.)    This  is 
because  taller  buildings  generally  have  more  flexibility  and  will 
resonate  only  with  slow  ground  motion  and  will  not  be  affected  by  short 
period  quakes  with  higher  acceleration.    However,  this  relationship  is 
not  as  pertinent  for  existing  URM  buildings.    Additionally,  for  our 
prototypical  buildings,  the  inclusion  of  this  variable  would  have  made 
the  differences  in  levels  1  and  2  negligible.    Thus,  to  clearly 
distinguish  between  these  levels,  they  were  held  constant  with  respect  to 
building  period. 

In  order  for  the  levels  to  be  comparable,  there  must  be  consistency 
in  the  strength  values  given  to  existing  materials.    The  values  and 
allowable  overstresses  proposed  by  the  Los  Angeles  code  were  essentially 
adopted  for  levels  1  and  2,  with  a  few  modifications.    The  allowable 
material  stress  values  that  the  Los  Angeles  retroactive  URM  ordinance 
recognized  are  representative  and  very  similar  to  those  of  other 
retroactive  codes.    Level  3  represents  the  most  current  regulations  for 
new  buildings  and  thus  no  values  were  set  for  existing  materials.  This 
is  in  fact  an  unlikely  scenario  for  existing  buildings,  included  only  to 
document  the  spectrum  of  upgrading  requirements  and  their  attendant  costs. 

A  proposed  difference  lies  in  the  shear  strength  of  existing 
masonry.    The  means  to  assess  the  actual  shear  resistance,  such  as  an 
in-place  push-test,  are  available  for  actual  strengthening  projects.  To 
perform  this  test,  one  brick  is  removed  from  a  wall  and  the  mortar  is 
removed.    A  calibrated  hydraulic  ram  is  then  placed  in  the  cavity  of  the 
removed  brick  and  the  ram  applies  a  force  to  move  the  isolated  brick. 
For  the  workshop,  however,  such  building  specific  data  was  not 
appropriate,  and  it  was  agreed  by  the  engineers  that  the  actual  values 
would  be  higher  than  the  present  nominal  values  as  prescribed  in  the  Los 
Angeles  and  Long  Beach  retroactive  codes.    It  was  clear  that  unless  a 
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shear  resistance  of  10  pounds  per  square  inch  (psi)  is  developed  in  the 
existing  brick,  shear  resistance  of  the  building  in  the  longitudinal 
direction  probably  cannot  be  provided  by  the  URM  walls  without  additional 
bracing,  even  at  the  lowest  strengthening  level  (10%W.) 

Holding  assumptions  about  each  design  in  common  allows  for  comparison 
and  evaluation  of  cost  information  and  of  each  design.    Thus  it  was 
clearly  essential  to  establish  appropriate  values  for  strengthening 
levels  and  existing  materials,  as  described  previously.    In  addition,  it 
was  determined  that  the  use  of  typical  details  for  all  of  the  design 
solutions  would  further  aid  the  cost  comparison.    These  details  were 
based  on  those  described  by  the  Structural  Engineering  Association  of 
California  in  its  publication  Earthquake  Hazard  Mitigation  of  URM 
Buildings  Built  Prior  to  1934.    By  keeping  these  constant,  it  was 
possible  to  describe  the  costs  in  terms  of  each  design  component. 

By  clarifying  the  assumptions  upon  which  the  engineering  designs  are 
made,  one  can  systematically  compare  the  costs.    These  assumptions 
include  characteristics  of  existing  materials  and  conditions  of 
buildings,  the  levels  to  which  one  is  upgrading,  and  the  construction 
details.    No  such  systematic  comparison  of  design  scenarios  for  a  given 
building  had  previously  been  done. 


Group 

1 : 

Number  of  stories 

a.  2  stories 

b.  4  stories 

c.  6  stories 

Group 

2: 

Level  of  upgrade 

1.  V  =  .1  W  (max)  L.A.  ord.  (for  class 

2.  V  =  .133  W  (max)     '73  UBC  L.A.  ord. 
3    V  =  .186  W  (max)     '83  UBC 

III  &  IV) 
(Class  II) 

Group 

3: 

Methods  of  Strengthening 

a.  Steel  brace  frame  systems 

b.  Concrete  shear  wall  systems 

Group 

4: 

Footprint  Size  (Area) 

a.  Small                   less  than  2,200  sq 

b.  Medium                 between  2,200  and 

c.  Large                  greater  than  7,500 

.  ft. 

7,500  sq.  ft. 
sq.  ft. 

Group 

5: 

Building  Configurations 

a.  Basic  rectangular 

b.  L  shaped 

c.  Open  ground  story 

d.  Corner  buildings 

Figure  10 
Major  Cost  Determinants 
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ENGINEERING  STRENGTHENING  DESIGNS 


The  strengthening  solutions  all  employed  typical  current  methods  of 
upgrading  unreinforced  masonry  to  bring  the  buildings  up  to  specified 
levels  of  performance,  based  on  resistance  to  seismically  induced  lateral 
forces.    All  of  the  solutions  included  parapet  bracing,  to  keep  the 
parapet  from  breaking  off,  and  a  system  to  tie  the  building  together,  to 
reduce  to  risk  of  the  walls  falling  outward  and  the  floors  collapsing 
down  or  "pancaking".    The  remainder  of  each  solution  included  varying 
techniques  to  ensure  the  integrity  of  the  building's  structural  system 
under  seismic  loading;  to  control  lateral  displacement  of  walls;  to 
pre-vent  buckling  of  walls;  and/or  to  address  problems  due  to 
configuration.    The  variations  in  technique  were  a  response  to 
specifications  of  construction  method,  building  characteristics,  and 
required  strengthening  level. 

The  following  section  presents  in  further  detail  the  collapse 
mechanisms  and  strengthening  tasks  recommended  by  the  engineers.    (For  a 
more  detailed  description  of  the  specific  engineering  designs,  see 
Appendix  1,  Section  V.) 

Bracing  the  parapet 

In  San  Francisco,  parapet  bracing  has  been  required  in  buildings 
whose  parapets  do  not  meet  the  1969  UBC  lateral  force  requirements  since 
enforcement  of  the  Parapet  Ordinance  began  in  the  summer  of  1975.    At  the 
workshop,  though,  for  purposes  of  consistency,  it  was  decided  that  all 
parapets  were  in  need  of  strengthening.    The  accepted  method  was  from 
SEAOC's  Earthquake  Hazard  Mitigation  of  Unreinforced  Masonry  Buildings. 
This  technique  uses  a  system  of  steel  diagonal  bracing  all  around  the 
perimeter  and  attached  to  the  roof.    No  cornice  or  ornamentation 
strengthening  was  assumed.    (See  Figure  11.) 

Tying  the  building  together 

During  an  earthquake,  the  walls  of  a  building  will  try  to  pull  away 
from  the  roof  and  floors.    The  shaking  of  walls  will  be  out  of  phase  from 
that  of  the  floors  and  roof.    In  order  that  the  exterior  walls  do  not 
fall  outward  and  the  floors  collapse  down,  the  building  must  be  tied 
together.    This  is  typically  accomplished  by  a  three  part  system:  wall 
anchors,  shear  bolts,  and  chords.    (See  Figure  12.) 

Wall  anchors,  installed  in  the  perimeter  walls  at  floor  and  roof 
levels,  strengthen  the  structural  link  between  floors  within  the  building 
and  the  exterior  walls.    Anchors  are  installed  in  a  building's  perimeter 
walls,  with  steel  plates  on  the  exterior  and  steel  bolts  connected  to  the 
anchors,  placed  between  the  floor  joists  within  the  building. 

The  earthquake  forces  not  only  try  to  separate  the  wall  from  the 
floors  and  roof,  but  also  try  to  slide  along  the  length  of  the  wall  and 
push  out  the  end  walls.    URM  buildings  typically  had  no  anchorage  for 
these  forces  parallel  to  the  wall.    Shear  bolts,  usually  introduced  at  6' 
intervals,  staggered  between  wall  anchors,  prevent  this  slippage  between 
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Figure  11 
Parapet  Bracing  Details  Used  For 
Engineering  and  Cost  Study 

Source:    Kariotis,  John,  "Strengthening  Techniques  -  Bracing  of  Masonry 
Walls  and  Parapets,"  Earthquake  Hazard  Mitigation  of 
Unreinforced  Masonry  Buildings  Built  Prior  to  1934.  SEAOSC. 
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Figure  12 

Anchor,  Shear  Bolt  and  Chord/Collector  Details 
Use  For  Engineering  and  Cost  Study 

Source:  Peter  Culley 
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wall  and  roof/floors. 

Steel  angles,  or  chords,  introduced  around  the  floors  and  roof  make 
each  a  strong  unit.    This  can  prevent  vertical  cracks  throughout  exterior 
walls  or  at  corners.    Such  cords  also  help  to  minimize  separation  of 
parts  of  the  building. 

In  the  interest  of  consistency,  it  was  assumed  that  none  of  the 
buildings  had  existing  government  anchors,  band  iron,  or  any  other  types 
of  anchorage.    Thus  is  was  the  case  that  all  of  the  engineering  solutions 
would  call  for  new  anchors,  shear  bolts,  and  chords  at  all  floor  and  roof 
levels. 

Assuring  the  integrity  of  the  building's  structural  system 

Shear  wall  reinforcement  aims  to  assure  the  integrity  of  the  load 
bearing  walls,  which  carry  loads  down  to  the  foundation.    Generally,  the 
perimeter  walls  are  load  bearing,  running  continuously  from  the 
foundation  to  the  roof  and  structurally  supporting  it.    Since  these  walls 
carry  earthquake  induced  forces  up  through  the  building,  as  well  as  back 
down  to  the  foundation,  strengthening  them  increases  the  structural 
system's  chances  to  remain  functional  and  in  tact. 

There  are  four  standard  methods  for  reinforcing  shear  walls: 

1.  walls  are  stripped  to  their  frame,  then  reblocked,  braced 
and  reinforced  at  ceiling  and  floor  connections  and  new 
concrete  footings  are  added  at  their  base; 

2.  existing  walls  are  fortified  with  gunite,  concrete  placed 
in  direct  contact  with  the  existing  masonry; 

3.  steel  or  concrete  moment  frames  are  added  within  the 
building;  and 

4.  additional  shear  walls  are  constructed. 

The  first  two  methods  strengthen  the  existing  walls  by  either  rebuilding 
them  and/or  adding  more  shear  resisting  material.    The  last  two  methods 
work  by  transferring  some  of  the  shear  forces  to  other  elements.  (See 
Figure  13.) 

In  the  workshop  scenario  designs  at  level  1,  the  longitudinal  walls, 
being  predominantly  solid,  were  found  to  offer  adequate  shear  resistance 
and  hence  only  transverse  bracing  was  necessary.    At  level  2,  both 
transverse  and  longitudinal  bracing  was  necessary.    At  this  level  in  the 
typical  long  rectangular  building  2  longitudinal  and  3  transverse  braces 
were  used.    At  level  3,  a  complete  new  vertical  and  horizontal  load 
carrying  system  is  needed  in  the  upgrading  process.    This  meant  brace 
framing  or  new  shear  walls  all  the  way  around  the  building,  and  diaphragm 
strengthening  at  all  levels. 
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Figure  13 
Shear  Wall  Reinforcement 

Source:    Based  on  an  illustration  in  Kirk  Martini's,  Unreinfirced  Masonry 
Buildings:  Seismic  Behavior  and  Renovation.  Center  for 
Environmental  Design  Research,  University  of  California, 
Berkeley. 
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Controlling  lateral  displacement 


In  an  earthquake,  the  horizontal  diaphragms  (roof  and  floors)  act  to 
control  the  deflection  of  the  walls.    The  diaphragms  must  be  strong 
enough  to  deliver  their  attendant  lateral  forces  to  the  vertical 
elements.    There  are  three  main  methods: 

1.  adding  another  layer  of  sheathing  to  floors  and  roof; 

2.  providing  a  new  horizontal  bracing  system,  such  as  a  steel 
truss ; 

3.  decreasing  the  span  of  the  diaphragm  by  adding  new  interior 
walls  or  strengthening  existing  ones. 

The  first  two  methods  increase  the  strength  of  the  existing 
diaphragms,  while  the  last  reduces  loads  and  consequently  stress  in  the 
diaphragm,  allowing  the  existing  diaphragms  to  function  without 
strengthening.    The  method  of  strengthening  or  adding  interior  walls  to 
reduce  diaphragm  stresses  is  based  on  the  premise  that  URM  buildings  are 
relatively  rigid  boxes  that  will  typically  respond  to  ground  motion  by 
moving  with  it  laterally.    One  good  way  to  control  the  sidesway  is  to 
utilize  or  add  to  the  cross  walls.    If  existing  interior  walls  are 
adequately  connected  to  the  roof  to  accept  the  roof's  shear  loads,  the 
lateral  forces  can  be  carried  through  several  floors.    Interior  walls  are 
a  good  path  for  lateral  forces  to  follow  to  minimize  large  forces  being 
transmitted  to  URM  perimeter  walls,  to  limit  drift  or  sidesway  of  the 
building,  and  to  permit  the  use  of  existing  unstiffenend  roof  or  floor 
diaphragms . 

John  Kariotis,  a  consulting  engineer  in  the  Los  Angeles  area  who  has 
for  several  years  been  researching  and  developing  methods  for  upgrading 
URM  buildings,  has  been  a  strong  proponent  of  this  technique.    It  has 
been  a  cost  effective  and  workable  solution  in  some  buildings,  while  for 
others  it  has  not  proven  to  be  viable.    This  technique  is  not  typical-ly 
practiced  in  the  San  Francisco  area,  however,  and  thus  was  not  used  in 
the  engineering  design  solutions. 

There  are  a  variety  of  conditions  in  the  floor  and  roof  diaphragms  of 
URM  buildings.    Diaphragms  may  be  of  diagonal  or  straight  sheathing,  with 
or  without  finish  floors.    The  worst  possible  case  was  assumed  for  the 
design  scenarios:  straight  sheathing  without  any  strength  contribution 
from  the  finish  floor.    To  address  the  problem  of  the  positive  shear 
transfer  between  the  plywood  and  the  base  of  existing  stud  partitions, 
framing  anchors  were  included.    (See  Figures  14  &  15.) 

Preventing  buckling  of  walls 

Another  problem  in  buildings  caused  by  lateral  forces  is  the  buckling 
of  walls  which  do  not  meet  height-thickness  criteria.    Those  walls  at  the 
upper  stories  of  multi-level  buildings  are  often  the  thinnest  and  thus 
have  the  least  resistance  to  lateral  forces.    In  cases  where  this  is  a 
problem,  interior  vertical  steel  stiffeners  were  added  to  prevent 
out-of-plane  bending.    (See  Figure  16.) 
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Straight  Configuration 


Diagonal  Configuration 


Woven  Configuration 


Figure  14 

Diaphragm  Strengthening  By  Addition  of  Plywood  Sheathing 

Source:    Lagorio,  Henry  J.,  Howard  Friedman,  and  Kit  Wong,  Issues  for 

Strengthening  of  Existing  Buildings:  A  Environmental  Guide  for 
Architects,  Center  for  Environmental  Sesign  Research,  University 
of  California,  Berkekely. 
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Additional  Interior  Shear  Walls  Are  Sometimes  Used  To  Reduce  Forces 

In  Diaphragms  And  Walls 


Horizontal  Trusses  May  Be  Used  To 
Strengthen  Diaphragms 


Figure  15 

Diaphragm  Strengthening  By  Addition  of  Interior  Shear  Walls 

or  Horizontal  Steel  Truss 

Source     Based  on  an  illustration  in  Kirk  Martini's,  Unreinforced  Masonry 
Buildings:  Seismic  Behavior  and  Renovation.  Center  for 
Environmental  Design  Research,  University  of  California, 
Berkeley.  .... 
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Figure  16 

Out-of-Plane  Bracing  Details  Used  for 
Engineering  and  Cost  Study 

Source:    Kariotis,  John,  Strengthening  Techniques  -  Bracing  of  Masonry 
Walls  and  Parapets,"  Earthquake  Hazard  Mitigation  of 
Unreinforced  Masonry  Buildings  Built  Prior  to  1934,  SEAOSC. 
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Legs  Structurally  Separated 


Legs  Structurally  Tied 


Figure  17 

Strengthening  of  L-Shaped  Buildings 

Source     Based  on  an  illustration  in  Kirk  Martini's,  Unreinforced  Masonry 
Buildings:  Seismic  Behavior  and  Renovation.  Center  for 
Environmental  Design  Research,  University  of  California, 
Berkeley. 
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Addressing  problems  of  configuration 


Buildings  with  eccentric  configurations  present  special  problems  for 
seismic  upgrading.    One  example  is  an  L-shaped  building,  which  may 
experience  damage  at  its  junctions  since  the  legs,  oriented  at  right 
angles  to  each  other,  respond  differently  to  ground  motion.    One  solution 
is  to  tie  the  two  legs  together  so  that  they  do  not  break  apart  as  a 
result  of  different  responses  to  ground  motion.    The  solution  described 
for  the  L-shaped  building  of  the  workshop  involves  a  "seismic  cut",  which 
separates  the  legs  structurally  so  that  each  can  vibrate  independently. 
The  solution  calls  for  the  removal  of  about  one  foot  of  masonry,  floors, 
etc.  out  of  the  existing  structure  at  the  corner,  allowing  space  for 
movement.    The  gap  is  replaced  with  a  metal  expansion  joint.    (See  Figure 
17.) 

Corner  buildings  also  experience  torsional,  or  rotational  problems 
due  to  differences  in  stiffness  because  of  extensive  openings  on  two 
faces.    Sometimes  this  allows  for  just  two  rows  bracing  on  the  open 
sides,  but  in  other  cases  the  torsional  problems  necessitate  further 
bracing.    For  the  corner  building  scenario  the  design  solution  calls  for 
bracing  to  be  added  on  all  four  sides  at  the  perimeter  of  the  building. 

These  descriptions  should  not  imply  that  seismic  renovation  is  simply 
a  process  of  strengthening  those  elements  which  are  not  strong  enough  to 
resist  certain  lateral  forces.    In  fact,  it  is  a  process  which  must 
address  the  building's  structural  system  as  a  whole.    When  one  element  is 
reinforced  to  increase  its  strength,  its  stiffness  will  almost  certainly 
increase  as  well,  altering  the  stiffness  distribution  of  the  whole 
structural  system.    An  example  is  the  complex  decision  making  process  for 
how  to  strengthen  diaphragms.    Aside  from  cost  considerations  regarding 
the  addition  of  sheathing,  bracing  systems,  or  vertical  shear  resisting 
elements,  one  must  account  for  the  greater  forces  now  being  transferred 
to  the  other  structural  elements.    If  the  forces  which  are  now 
transferred  to  existing  shear  walls  are  too  high,  then  these  walls  may 
need  to  be  strengthened  beyond  a  reasonable  point.    Further,  functional 
requirements  of  a  building  will  be  likely  to  influence  the  most  desirable 
upgrading  solution.    As  in  new  buildings,  structural  systems  must  be 
adapted  to  suit  the  needs  of  the  building's  occupants. 
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COST  ANALYSIS 


In  preparation  for  the  workshop,  typical  variations  in  URM 
residential  buildings  were  identified.    Workshop  discussions  addressed 
these  variations,  associated  seismic  hazards,  and  methods  commonly  used 
to  reduce  these  hazards.    Important  building  characteristics  identified 
included  configuration,  height,  and  location  on  the  block.  The 
strengthening  scenarios  were  designed  to  represent  these  typical 
variations  and  the  cost  analysis  of  each  scenario  then  estimated  the 
typical  associated  costs. 

The  set  of  buildings  used  in  the  scenarios  includes  a  basic 
rectangular  4-story  building  with  a  commercial  ground  floor  (Building  #2) 
and  four  variations.    Building  #1  is  a  rectangular  2-story  building  with 
a  residential  mezzanine  and  a  commercial  ground  floor.    Building  #3  is 
almost  square  and  6  stories.    While  Buildings  #1-3  are  of  basic 
configuration  and  located  mid-block.  Buildings  #4  and  #5  are  of  eccentric 
configuration  and  located  on  corners,  with  the  former  having  a  square 
configuration  with  two  open  faces  and  the  latter  being  L-shaped.  (See 
Figure  18.) 

As  a  result  of  the  July  1st  workshop,  engineering  strengthening 
designs  corresponding  to  14  scenarios  were  completed  and  submitted  by  the 
participating  consulting  engineers.    These  preliminary  designs  were  used 
as  inputs  to  the  cost  analysis  portion  of  the  study.    The  designs, 
although  approximate  in  nature,  described  the  configurations  and  the 
extent  of  the  necessary  strengthening  work.    The  submitted  drawings  show 
the  Footprints  of  Buildings  Used  in  Engineering  and  Cost  Study  location 
and  approximate  size  of  new  structural  members  to  be  added  as  well  as 
some  typical  details.    The  engineers  agreed  at  the  start  that  all  the 
design  solutions  will  include  joist  anchorage,  shear  bolting,  chords, 
parapet  bracing  and  out-of-plane  bracing  where  necessary.    These  items 
are  not  included  in  the  submitted  drawings  as  the  associated  costs  can  be 
derived  from  standardized  details. 

Upon  the  engineers'  completion  of  the  preliminary  strengthening 
designs,  each  cost  estimator  analyzed  the  solutions  and  estimated  the 
associated  costs.    These  figures  were  checked  against  actual  construction 
cost  data  from  projects  recently  completed  in  Los  Angeles.    Table  19 
shows  the  costs  for  each  scenario  as  estimated  by  John  Robertson  and  Lee 
Saylor,  as  well  as  the  adjusted  figures  which  are  based  on  the  two  cost 
estimators'  work  and  data  from  actual  strengthening  projects.    Table  20 
shows  the  adjusted  cost  estimate  of  each  piece  of  strengthening  work  for 
the  14  scenarios. 

The  differences  in  cost  estimates  submitted  by  the  two  cost 
consultants  reflect  a  factor  of  uncertainty  of  construction  costs 
associated  with  the  renovating  of  older  buildings.    As  Table  3  in 
Appendix  1  indicates,  there  are  only  minor  differences  in  the  estimate  of 
the  unit  structural  costs,  as  these  costs  are  relatively  predictable. 
The  uncertainty  in  the  estimates  is  due  to  the  unknown  existing 
conditions,  which  is  reflected  in  the  large  differences  in  the 
architectural  and  demolition  cost  estimates.    Further,  the  unknown 
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Building  #1 
4  Stories,  15,634  sq.ft. 


Building  #3 
6  Stories  17,429  sq.ft. 


Building  #2 
4  Stories  15,405  sq.ft. 


Building  *4 
4  Stories  12,230  sq.ft. 


v 


Building  *5 
6  Stories  48,542  sq.ft. 


Figure  18 

Buildings  Used  in  Enginering  and  Cost  Study 
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LEVEL  1 

AdJ  listed 
Estimate 


Robertson 
Estimate 


Saylor 
Estimate 


LEVEL  2 

Adjusted 
Estimate 


Robertson 
Estimate 


Saylor 
Estimate 


LEVEL  3 

Adj  usted 
Estimate 


Robertson 
Estimate 


Saylor 
Estimate 


Steel 


BUILDIN3 
15,634  90. 


VSq  Ft 


11.93£ 


12.14c 


9.43c 


21.72 


19.71 


15.79 


Total 
$ 


18Sf566 


189,821 


147,411 


339,557 


308,181 


246,892 


bncrete 


Notes: 

1.  Cost  based  on  bracing  on  four  sides.    If  only 

2.  Probably  low  estimates,  based  on  range  approxi 


Total 
$ 


Steel 


BUILDING  #5 
48,542  SO.  FT. 


S/Sq  Ft 


Total 
$ 


Concrete 


VSq  Ft 


22.97 


22.69 


18.45 


Total 
$ 


1,114,814 


1,101,409 


895,482 


Table  19 
URM  Seismic  Cost  Study  Summary 


|                           BUILDING  #1 
15,634  90.  FT. 
Steel  Concreta 

1                            BUILD IN3  #2 
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Steal  Concrete 

1                           BUILDIN3  #3 
;                       17,429  SO.  FT. 
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j            SteeL  Concrete 

I    $/Sq  Ft    |   TotaL       I    $/Sq  Ft    |  TotaL 
I                I       *         I  IS 

5/Sq  Ft    |    TotaL       |    $/Sq  Ft    |  TotaL 

(ft             I                       1  * 
1*1                       1  * 

$/Sq  Ft    |  TotaL 
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| 
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| 
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I  Estinete 
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Table  19 
URM  Seismic  Cost  Study  Summary 
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Table  20 

Adjusted  Cost  Estimates  for  Strenghening  Work 


existing  conditions,  which  is  reflected  in  the  large  differences  in  the 
architectural  and  demolition  cost  estimates.    Further,  the  unknown 
conditions  are  greater  for  this  study  as  the  cost  estimator  cannot  be 
provided  with  comprehensive  data  from  on-site  investigation,  engineering 
testing,  and  detailed  architectural  surveys  of  the  existing  conditions. 

From  the  submitted  cost  estimates,  a  composite  estimate  was  compiled, 
generally  following  the  conservative  estimate.    Data  recorded  from  actual 
strengthening  case  studies  was  also  used  as  a  guide  in  formulating  the 
composite  estimate.    (See  Tables  19  and  20.) 

COST  COMPARISONS 

From  the  accumulated  data,  individual  prototypical  buildings  can  be 
analyzed  in  terms  of  the  different  levels  of  upgrading.    Further,  cost 
comparisons  can  be  made  on  the  basis  of  strengthening  method,  building 
height,  and  configuration. 

The  variations  in  design  solutions  which  most  dramatically  impacted 
upgrading  costs  were  primarily  in  response  to  building  characteristics 
(e.g.  height)  and  strengthening  level.    These  design  variations  include 
1.)  size  and  quantity  of  braces  and  additional  shear  walls;  2.)  method  of 
diaphragm  strengthening;  and  3.)  special  techniques  for  addressing 
problems  of  conf igura-tion  (e.g.,  a  "seismic  cut"  for  the  L-shaped 
building).    Thus  building  characteristics  and  strengthening  level  impact 
upgrading  designs  and,  consequently,  upgrading  costs.    For  example,  the 
costs  associated  with  building  height  and  strengthening  level  can  be  seen 
by  comparing  Buildings  #1,  2  and  3,  all  of  basic  configuration  but 
varying  in  height.    While  the  cost  per  square  foot  of  a  wall  anchorage 
system  re-mains  constant,  the  costs  associated  with  seismic  strengthening 
to  levels  1  and  2  increase  with  building  height.    (See  Table  21.) 

Cost  Per  Square  Foot 


Wall 
Anchorage 

Level  1 

Level  2 

Bldg.  #1 
(2  stories) 

$6 

$13 

$21 

Bldg.  #2 
(4  stories) 

$6 

$16 

$23 

Bldg.  #3 
(6  stories) 

$6 

$21 

$25 

Table  21 

Approximate  Cost  of  Seismic  Strengthening 
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Most  Common  San  Francisco  Building 

For  prototype  Building  #2,  the  costs  for  seismic  upgrading  range  from 
approximately  $6  per  square  foot  for  a  wall  anchorage  system  to  over  $30 
per  square  foot  for  a  solution  which  would  bring  the  building  to  current 
Uniform  Building  Code  standards.    This  4-story  rectangular  building 
represents  the  most  common  type  of  residential  building  in  San  Francisco 
in  terms  of  physical  characteristics.    The  building  used  for  prototype  #2 
has  a  high  (15  foot)  first  story  with  an  open  front.    Further,  it  has  a 
poor  aspect  ratio  (i.e.,  it  is  very  long  and  narrow).  These 
characteristics  influence  the  costs  of  all  the  upgrading  solutions,  but 
in  particular  the  costs  of  the  "minimum  upgrade".    To  ensure  stability, 
the  minimum  upgrade  of  Building  #2  must  go  beyond  the  most  basic  steps  of 
wall  anchorage  and  parapet  bracing  to  include  three  rows  of  bracing,  at 
the  front  of  the  building  and  at  the  indentation  lines,  at  least  on  the 
ground  floor.    This  solution  assumes  that  the  partitions  above  will  act 
to  support  the  upper  stories4 

A  level  1  upgrade  of  Building  #2  includes  two  rows  of  transverse 
bracing  and  minimal  longitudinal  bracing.    A  level  2  upgrade  includes  a 
third  row  of  bracing.    When  strengthening  Building  #2  to  level  3, 
substantial  reinforcement  of  longitudinal  walls  is  needed  in  addition  to 
the  transverse  bracing.    (See  Figure  19.)    Further  raising  the  costs  is 
the  necessity  of  horizontal  trusses  to  alleviate  diaphragm  stresses  as 
opposed  to  plywood  sheathing.    As  would  be  expected,  costs  rise  with 
strengthening  level,  with  the  largest  jump  being  from  level  2  to  3.  (See 
Table  22.) 


Building  #2 

Upgrade  Cost  Per  Square  Foot  ($) 

Wall  Anchorage  System  $  6.00 

"Minimum  Upgrade"  $10.40  (a) 

Level  1  $15.40  (b) 

Level  2  $20.30  (b) 

Level  3  $38.20  (c) 


(a)  Approximate  cost  extrapolated  from  scenario  #5. 

(b)  Steel  solution 

(c)  Concrete  solution 


TABLE  22 

Approximate  Costs  of  Seismic  Strengthening 


4In  some  buildings,  it  is  possible  that  a  wall  anchorage  system  will  bring  the  building  to 
the  minimum  acceptable  standard  as  outlined  by  the  workshop  participants.    This  minimum  is 
a  function  of  the  length  of  floor  spans,  number  and  type  of  openings,  and  building 
configuration. 
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"Minimum  Upgrade": 
3  Rows  of  Transverse  Bracing 
at  Ground  Level 


Level  1: 
2  Rows  of  Tran verse  Bracing, 
Minimal  Longitudinal  Bracing 


Level  2: 
3  Rows  of  Transverse  Bracing, 
Minimal  Longitudinal  Bracing. 


Level  3: 
3  Rows  of  Tranverse  Bracing 
Longitudinal  Bracing 


Figure  19 
Bracing  Schematics  for  Building  #2 
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The  other  scenarios  represent  variations  of  this  basic  building  and 
as  such  the  costs  reflect  the  associated  range.    The  major  cost 
differences  reflect  the  building  characteristics  of  height  and 
configuration,  and  strengthening  level.    For  example,  when  all  other 
factors  are  held  constant,  the  price  jump  for  the  concrete  solution  at 
level  1  associated  with  a  building  height  increase  from  four  to  six 
stories  is  $4.30  per  square  foot.    Secondary  cost  differences  reflect 
building  specific  characteristics,  such  as  aspect  ratio,  location  in  the 
block,  and  the  type  and  number  of  openings.    The  minimum  upgrade  of 
Building  #2  illustrates  this,  as  it  could  possibly  have  been  achieved 
through  a  wall  anchorage  system  alone  were  it  not  for  its  poor  aspect 
ratio  and  high  first  story  with  an  open  front.    In  sum,  building  height 
and  configuration  influence  patterns  of  major  cost  variations,  while 
individual  building  characteristics  will  have  a  secondary  impact  and  can 
affect  the  general  pattern. 

COST  VARIATION  DUE  TO  STRENGTHENING  METHOD 

The  cost  variation  between  the  steel  brace  method  and  the  concrete 
shear  wall  or  frame  method  is  generally  small.    A  concrete  system  is 
slightly  more  expensive  due  to  high  labor  cost.    However,  the  difference 
in  cost  is  only  associated  with  the  cost  of  the  transverse  and 
longitudinal  bracing  system.    The  costs  for  anchorage,  parapet, 
diaphragm,  etc.  are  not  affected  by  the  choice  of  a  concrete  or  steel 
system. 

For  strengthening  levels  1  and  2,  longitudinal  bracing  in  the  basic 
rectangular  building  is  very  minimal.    Therefore,  since  often  only  the 
transverse  brace  is  added,  the  cost  variation  only  affects  30%  to  50%  of 
the  total  seismic  strengthening  costs.    In  higher  strengthening  levels 
and  in  taller  buildings,    the  steel  system  is  potentially  less  expensive, 
but  not  substantially.    The  small  variation  in  cost  is  easily  offset  by 
the  difference  in  individual  bracing  design.    Since  the  differences  in 
steel  configurations  are  broad,  their  cost  can  easily  exceed  the  cost  of 
a  concrete  system.    The  cost  comparison  between  the  steel  and  concrete 
systems  is  presented  in  Table  23.    It  should  be  noted  however  that  the 
cost  data  does  not  reflect  the  substantially  shorter  construction  time 
associated  with  a  steel  system. 

Cost  Variation  Due  to  Strengthening  Level 

The  data  indicates  that  the  strengthening  level  affects  the  cost  more 
substantially  in  Buildings  #1  &  2.    This  effect  is  due  perhaps  to 
building  configuration  more  than  building  height.    The  substantial  jump 
in  cost  in  Buildings  #1  &  2  is  probably  for  the  additional  line  of 
transverse  bracing  at  level  2  in  response  to  high  diaphragm  stress.  On 
the  other  hand,  the  more  stringent  strengthening  requirements  did  not 
affect  Building  #3  as  dramatically.    The  added  requirement  did  not  call 
for  more  lines  of  bracing  but  just  larger  member  sizes. 

One  can  clearly  see  a  large  jump  in  cost  associated  with  the  level  3 
strengthening  requirement.  (Level  3  corresponds  to  current  UBC.)  The 
dramatic  increase  in  cost  is  due  to  the  need  to  substantially  reinforce 
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longitudinal  walls  as  well  as  transverse  walls.  Furthermore,  diaphragm 
strengthening  with  plywood  sheathing  cannot  achieve  sufficient  strength 
and  stiffness;  more  expensive  horizontal  steel  trusses  must  be  used. 

Cost  Variation  Due  to  Building  Height 

The  cost  of  seismic  work  generally  increases  with  building  height. 
Table  23  shows  that  at  level  1,  Building  #3  is  substantially  higher  in 
cost  than  Buildings  #1  and  #2.    This  is  mainly  attributed  to  the  fact 
that  Building  #3  has  2  lines  of  longitudinal  bracing  as  well  as  2  lines 
of  trans-verse  bracing,  where  Buildings  #1  and  #2  have  only  two  lines  of 
transverse  bracing.    The  cost  difference  again  is  due  to  the  number  of 
braces  rather  than  the  size  of  braces.    The  level  2  cost  relationships 
between  Buildings  #1,  2,  3  are  more  indicative  of  the  cost  variation  due 
to  height  as  Building  #1  &  #2  are  strengthened  with  3  lines  of  bracing. 
Probably  low  estimates,  based  on  rough  approximation  of  material  quantity 


Cost  Per  Square  Foot  ($) 


Level  1 

Level  2 

Level  3 

Bldg.  #1 
(2  stories) 

11 .90  * 

21  .70 

Steel 

12.50  * 

Concrete 

Bldg.  #2 
(4  stories) 

15.40 

20.30 

Steel 

16.00 

22.30 

38.20 

Concrete 

Bldg.  #3 

22.30 

24.20 

Steel 

20.30 

25.20 

Concrete 

probably  low  estimates,  based  on  rough  approximation  of  material 
quantity. 
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Cost  Variation  Due  to  Building  Configuration 

Building  configuration  clearly  has  an  effect  on  reconstruction 
cost.      In  basic  rectangular  buildings,  the  general  strengthening 
includes  2  or  3  lines  of  transverse  bracing  with  minimal  longitudinal 
bracing.    In  small  buildings  with  square  plans  it  may  be  necessary  to 
substantially  strengthen  both  longitudinal  and  transverse  walls,  thus 
incurring  a  higher  cost.    In  corner  buildings,  torsional  problems  may 
occur.    Although  the  building  code  as  rules  against  torsional  situations, 
a  specific  method  for  strengthening  is  not  prescribed.    With  the 
recognition  that  torsion  is  a  problem  in  corner  Building  #4,  the  cost 
estimate  is  based  on  a  solution  with  four  lines  of  bracings,  one  at  each 
perimeter  wall.    The  cost  of  strengthening  ($26.00  per  sq.ft.)  reflects 
this  additional  requirement.5 

In  L-shaped  buildings  or  buildings  with  reentrant  corners,  it  may  be 
necessary  to  provide  a  seismic  separation  cut.    Again,  this  is  an  item 
not  specifically  required  by  code  but  is  the  method  chosen  in  the  upgrade 
of  Building  #5  to  address  the  problems  associated  with  this 
configuration.    This  work  will  of  course  drive  the  cost  of  retrofit  up. 
(See  Table  24.) 


Cost 

Per  Square  Foot  ($) 

Bi 

jilding  Configui 

"ation 

Basic  (a) 

Corner  (b) 

L-Shaped  (c) 

20.30 

26.10 

30.00 

(a)  Building  #2 

(b)  Building  #3 

(c)  Building  #5 


Table  24 
Cost  as  a  Function  of 
Building  Configuration: 
Steel  Solution,  Level  2 


3This  cost  is  based  on  bracing  on  four  sides,  if  only 

the  two  open  sides  are  braced,  the  cost  can  be  reduced  $4.00 

per  square  foot. 
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Buildings  with  small  square  footprints  may  be  more  expensive  to 
retrofit  on  a  square  foot  basis  than  larger  buildings  because  smaller 
buildings  have  a  higher  wall  to  floor  area  ratio.    In  other  words,  the 
same  amount  of  floor  area  in  a  small  building  is  associated  with  more 
wall  area,  and  the  wall  is  the  part  of  the  building  likely  to  require  the 
most  seismic  upgrading.    Further,  buildings  with  fewer  rooms  generally 
have  a  higher  cost  per  room.    This  is  for  the  above  reason,  as  well  as 
the  fact  that  in  renovation  projects  there  is  a  cost  associated  with  all 
projects  regardless  of  size,  and  the  more  rooms  that  a  building  has,  the 
smaller  the  cost  will  be  per  room. 

Comparison  with  Other  Studies  and  Real  Construction  Data 

To  further  evaluate  the  data  accumulated  from  the  work-shop,  the 
post-workshop  cost  estimates  were  compared  to  other  studies  and  actual 
construction  data.    The  primary  source  of  comparable  data  is  associated 
with  seismic  retrofit  ordinances  that  have  been  enacted  in  the  Los 
Angeles  area.    In  general,  these  studies  and  actual  construction  data 
show  lower  costs  for  seismic  upgrading  work  than  do  the  workshop 
estimates.    This  is  due  to  a  number  of  factors,  including  1.)  the  use  of 
pre-1986  dollars;  2.)  lack  of  accounting  for  architectural  and  other 
associated  costs;  3.)  different  building  characteristics  in  Los  Angeles 
(e.g.,  buildings  not  built  to  property  lines  are  generally  less  expensive 
to  retrofit);  4.)  the  upgrading  techniques  accepted  in  Los  Angeles  (e.g., 
interior  partitions  are  allowable  for  shear  resistance);  and  5.)  the  use 
of  "worst  case"  scenarios  for  the  workshop. 

Brief  descriptions  of  the  four  studies/data  sets  used  for  comparison 
follow: 

Wheeler  &  Gray  Consulting  Engineers  performed  one  cost  study  in 
May  of  1980,  before  the  implementation  of  the  City  of  Los 
Angeles'  Seismic  Upgrading  Ordinance.    From  the  buildings 
studied,  the  average  structural  cost  was  reported  to  be,  in 
April  1980  dollars,  $7.87  per  square  foot.    This  cost  does  not 
include  architectural  demolition  and  refinish.    Thus  the 
reported  cost  of  $7.87  per  square  foot  is    quite  low.  (See 
Table  25.) 

Raymond  Steinberg  &  Associates  conducted  a  cost  study  again  in 
the  Los  Angeles  area  in  1983  based  on  the  same  standards.  Based 
on  15  buildings  reported,  the  average  structural  cost,  omitting 
extreme  values,  is  approximately  $7.50  per  square  foot.  Again 
it  must  be  emphasized  that  this  cost  is  based  on  pre-1983 
dollars  and  does  not  include  architectural  items.    (See  Table 
26.) 

According  to  Christine  Piatt  &  Robin  Shepherd,  in  their  1985 
article  "Some  Cost  Considerations  of  Seismic  Strengthening  of 
Pre-code  Buildings,"  the  average  unit  cost  for  seismic  upgrading 
in  Long  Beach  is  reported  to  be  approximately  $15  per  square 
foot.    Long  Beach's  ordinance  is  more  stringent,  correlating 
with  strengthening  level  2  of  the  post-workshop  cost  study. 
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The  City  of  Los  Angeles,  Housing  Division,  Community  Development 
Department  reported  costs  for  seismic  retrofit  to  be 
approximately  $7.00  per  square  foot,    this  is  an  average  value 
of  21  buildings  during  or  before  1986.    Again  architectural 
items  are  not  included  in  this  figure.    (See  Table  27.) 

In  comparison  with  this  cost  analysis,  the  data  from  the  Los  Angeles 
sources  is  low.    This  discrepancy  is  partly  due  to  the  method  of 
strengthening.    Since  the  Los  Angeles  ordinance  allows  shear  resistance 
values  for  existing  interior  partitions  and  allows  new  plywood  partitions 
to  be  used  for  shear  walls,  the  cost  of  the  transverse  and  longitudinal 
bracing  is  substantially  reduced.    In  addition,  because  partitions  are 
used  for  shear  resistance,  diaphragm  strengthening  can  also  be  reduced. 
In  total,  this  can  reduce  the  structural  cost  up  to  $6.00  per  square 
foot.    Under  most  other  seismic  retrofit  ordinances,  the  above 
strengthening  method  is  not  allowed.    The  Long  Beach  ordinance  is  typical 
and  their  average  cost  of  $15  per  square  foot  compares  favorably  with 
this  cost  analysis. 

As  a  whole,  this  cost  study  is  a  slightly  high  estimate  of  the 
average  case  seismic  strengthening  cost.    This  is  mainly  due  to  the  fact 
that  the  costs  are  based  on  buildings  with  poor  existing  conditions.  For 
example,  this  study  assumes  the  existing  diaphragm  to  be  a  straight 
sheathing,  the  worst  possible  case.    The  resulting  estimate  is  therefore 
conservative,  the  actual  average  cost.  May  be  $2-$3  per  square  foot 
less.    The  cost  is  also  based  on  conservative  engineering  design  which 
provides  for  necessary  strengthening  work  not  specifically  required  by 
code,  such  as  bracing  the  building  against  torsional  effects  and 
providing  a  seismic  separation  for  L-shaped  buildings,  etc.    Thus,  the 
costs  presented  are  based  on  code  intention  rather  than  code  minimum. 
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No.  of      Construction  Costa  Project  CostD 

Description      Stories     Total        Per  Sq.Ft.        Total        Per  Sq. Ft. 


Apartment 

33,4000  Sq.  Ft.  4             $190,000  $5.67          $208,000  $6.22 

Apartment  and 
Industrial 

17,2000  Sq.  Ft.  3             $189,000  $11.02          $207,000  $12.08 
WcUT  chousG 

6,4000  Sq.  Ft.  1              $50,400  $7.90            $55,600  $8.70 

Industrial  1  +  mez.    $78,300  $7.15           $86,500  $10.60 

Commercial  2             $135,000  $9.66          $148,000  $10.60 

Average  $129,000  $7.87         $141,000  $8.60 

Note:    a Includes  Contractor's  Profit,  Overhead  and  other  contingencies. 

^In  eludes  Engineering,  Testing  and  Building  Permit  Fees,  (based 

on  April  1980  dollars  f  ran  Wheeler  and  Gray  report. 


Table  25 

Summary  of  Wheeler  and  Gray  Cost  Study* 

*Base  on  Wheeler  and  Gray,  Consulting  Engineers,  Cost  Study  Report  for 
Structural  Strengthening  Using  Proposed  Division  68  Standards,  Los 
Angeles  City  Council  Action  C.  F.  No.  79-4244,  May  1980,  in  an  article  by 
Christing  M.  Piatt  and  Robin  Shepherd,  "Some  Cost  Considerations  of  the 
Seismic  Strengtheing  of  Pre-Code  Buildings,"  "EERI  Earthquake  Spectra 
Magazine,  Vol.  1,  No.  4  Aug.  1985,  page  699. 
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Building 
Address 

Building 
Size 

Number 
of 

Total 
Cost 

Unit  Notes 
Cost 

Vv/  »i»f  i». ; 

3923  W.  6  th  St. 

31,400 

4 

$219,800 

7.00 

a 

108-116  N.  San  Pedro 

30 , 830 

3 

$107 ,450 

3.47* 

b,c 

3745  Grand 

21,600 

4 

$151,200 

7.00 

d 

331-355  E.  First  St. 

15 ,450 

3 

$112 ,100 

7.26 

b 

1475  W.  Adams 

15,000 

3 

$103 ,950 

6.93 

325-329  E.  First  St. 

14,100 

3 

$105,800 

7.50 

b 

341-345  E.  First  St. 

13,790 

4 

$97 ,000 

7.03 

b 

6379  Van  Nuys  Blvd. 

12 ,000 

2 

$62 ,040 

5.17 

347-353  First  St. 

11,407 

3 

$102,000 

8.94 

b,e 

8560-3566  W.  Pico 

10 ,450 

1 

$51,940 

4.97* 

f 

321-323  First  St. 

9,810 

2 

$90,000 

9.17 

b 

309-313  First  St. 

9,035 

2 

$76 ,100 

8.42 

b 

337-339  E.  First  St. 

8,100 

2 

$90 ,000 

n  ii 

h 

303-307  E.  First  St. 

3,250 

1 

27,000 

8.44 

b 

106  N    San  Pedro 

1.872 

1 

S47 .00 

25.50* 

b 

SUM 

=  208,194 

SUM  $1,444,080 

7.0  = 

EJERPGE 

Table  26 

Los  Angeles  Seismic  Stregnthening  Cost  Study 
(Raymond  E.  Steinberg) 

Notes : 

a.  Long,  narrow  four  story  office  building  which  required  no  interior 
plywood  shear  walls. 

b.  Community  Redevelopment  Agency  (CRA)  study  with  no  plans  drawn  or 
bids  taken. 

c.  Large,  regularly-shaped  building  with  many  existing  interior 
partitions. 

d.  Contact  was  not  awarded  but  estimate  was  based  upon  bids. 

e.  Height/thickness  ratio  of  walls  at  top  floor  was  excessive  and  wall 
required  bracing.    There  was  also  illegal  addition  at  the  rear. 

f.  Owner  was  contractor  for  a  portion  of  the  work. 

Based  on  Steinberg,  R.,  Typical  Cost  Data  for  Compliance  with  Division 
68,  SEA0SC  Seminar  Notes,  March  8,  1983,  in  Piatt  and  Shepherd,  ibid,  p. 
698. 
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Project 
Number 

Total 
Sq.Ft. 

Total 
Units 

Total 
Rehab 
Value 

Seismic 
Cost 

Seismic 
Cost/Sqf  t 

Other 
Rehab 
Cost 

Total 
Cost/Sq 

1/2 . 

71 

1 

O  A  A       A  A  A 

,800  ,000 

f  f\  f\  AAA 

600 ,000 

t          AAA  AAA 

1,200,000 

3 . 

74 

1 

,015 ,000 

^  A    A  AAA 

324 ,000 

A  ^  AAA 

691 ,000 

4 . 

59 

292 ,752 

413  ,000 

(120,248) 

5 . 

38 ,353 

68 

912 ,234 

346  ,360 

9  .03 

565 , 874 

23  .79 

6  . 

40 

857  ,940 

325 ,745 

532 ,195 

7  . 

59 

746 , 830 

191 ,970 

554 , 860 

8. 

28,280 

44 

568,080 

91 ,200 

3  .22 

476  ,880 

20.09 

9 . 

48 

610  ,560 

145 ,000 

AAA  AAA 

402 ,980 

10 . 

28,212 

40 

f*  A  A  AAA 

508,800 

103  ,160 

3  .66 

349,140 

18.03 

11    /  1  A 

11/12  . 

64,081 

71 

1 

A  1   O        O  A  1 

,018  ,201 

All  AAA 

231 ,290 

3.61 

686 , 261 

1  C       Q  A 

15.89 

1  A 

13  . 

a  r*      £  f\  a 

26  ,600 

A  O 

48 

A  A  1  AAA 

891 ,000 

111                  1  A 

131,619 

A  AC 

4.95 

T  C  A      1  Ol 

759 ,381 

1  A       C  A 

33.50 

1  A 

14  . 

A  1         1  P  A 

21  ,750 

A  "1 

47 

1 

AAA  AAA 

,089  ,000 

203 , 934 

A  AA 

9.38 

A  O  C       A  A  Z" 

885 ,006 

C  A       A  "7 

50  . 07 

15 . 

23 ,000 

48 

^       ~7  AAA 

777  ,000 

130 ,447 

5  .67 

646  ,553 

33  .78 

16  . 

a  a        A  a  r\ 

22 , 800 

40 

775 ,000 

126 ,478 

5  .55 

648 ,522 

33  .99 

17  . 

18,640 

32 

f-  — d  O  AAA 

578,000 

114  ,746 

6.16 

463 , 256 

31.01 

i  a 

18 . 

1 8 

A  ^  ^  AAA 

267 ,000 

87 , 886 

1  ~»  A        1    1  J 

179 , 114 

19 . 

26  , 16  8 

47 

^  F  A  AAA 

650  ,000 

1  T  A  AAA 

172 ,000 

6  .57 

A  T  A  AAA 

47  8,000 

24  .84 

20  . 

28  ,472 

48 

438  ,000 

AAA  AAA 

203 ,000 

7  . 13 

A        l~  AAA 

235 ,000 

15  .38 

21 . 

21 ,680 

32 

474  ,000 

137  ,000 

6.32 

337 ,000 

21 .86 

22  . 

A  A       Ct  A  A 

40 , 800 

7 1 

C    M  A  AAA 

640 ,000 

369  ,590 

9  . 06 

A  "1  A       A  T  A 

270  ,410 

in     c  a 

15.6  9 

a  a 

23 . 

A  Z"       C  A  1 

26  ,531 

41 

^*    A.  *7  AAA 

627 ,000 

A  1    A       P  A  A 

212 ,500 

8  .01 

414  ,500 

23  .63 

24 . 

15  ,735 

27 

406 ,000 

116 , 902 

7 . 43 

AAA  AAA 

289 ,098 

25  . 80 

25. 

16  ,254 

12 

185 ,725 

139,395 

8.58 

46,330 

11 .43 

26. 

20,640 

32 

300  ,000 

152,200 

7.37 

147,800 

14  .53 

27. 

20,106 

28 

398,396 

216,096 

10.75 

182,300 

19.81 

Table  27 

Housing  Oivision  Community  Development  Department 
City  of  Los  Angeles 

December  1986 

Summary  of  Cost  for  Rehabilitation 
of  Seismic  Deficient  Buildings 
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CHAPTER  IV.      THE  CHOICE  OF  ACCEPTABLE  SEISMIC  RISK: 
COSTS,  ENGINEERING,  AND  LIFE  SAFETY 


INTRODUCTION:    RISK  AND  UNCERTAINTY 

In  this  section  we  address  the  question  that  haunts  policy-makers, 
particularly  responsible  elected  officials,  when  faced  with  the  necessity 
of  making  decisions  about  life  safety:    how  much  safety  should  be 
mandated?    The  level  of  risk  that  is  politically  responsible  and  socially 
acceptable  will  depend  on  a  number  of  factors  including  the  nature  of  the 
risk,  direct  and  indirect  costs  of  reducing  risk,  the  size  and 
characteristics  of  the  exposed  population,  and  whether  an  individual's 
exposure  is  voluntary  or  involuntary. 

Seismic  safety  decisions  are  further  complicated  by  a  high  degree  of 
uncertainty:    we  cannot  state  with  certainty  what  the  likelihood  of  a 
n;oderate  or  major  earthquake  in  San  Francisco  is  in  a  given  year.  Nor 
can  we  predict  what  the  ground  motion  or  peak  acceleration  of  any  such 
event  would  be.    Moreover,  with  respect  to  URM  housing,  a  great  deal  of 
uncertainty  exists  as  to  the  effectiveness  of  various  building  systems  in 
different  kinds  of  earthquakes.    Finally,  even  if  we  did  know  how 
specific  building  systems  would  respond  in  an  earthquake,  we  would  not  be 
able  to  predict  how  many  deaths  or  injuries  would  result  from  those 
responses . 

PROBLEM  STATEMENT  —  URM  RESIDENTIAL  BUILDINGS  IN  SAN  FRANCISCO 

The  City's  hazardous  buildings  inventory  reveals  that  there  are 
approximately  10,280  residential  hotel  rooms,  5,138  tourist  hotel  rooms, 
and  10,043  apartments  in  unreinforced  masonry  buildings  in  San 
Francisco.    The  great  majority  of  these  buildings  are  in  Chinatown,  the 
Tenderloin,  and  the  Bush  Street  corridor,  neighborhoods  housing  many  of 
the  City's  lowest  income  households.    Moreover,  URM  buildings  comprise  a 
high  percentage  of  the  lowest-income  housing  stock  in  those 
neighborhoods.    For  example,  approximately  70%  of  the  SR0  hotel  units  in 
Chinatown  are  in  URM  buildings. 

Experience  demonstrates  that  these  pre-code  URM  buildings  cannot 
withstand  the  grounds  shaking  associated  with  even  a  moderate 
earthquake.    These  buildings  have  a  relatively  high  likelihood  of  being 
seriously  damaged  in  an  earthquake,  and,  more  significantly,  are  likely 
to  collapse,  posing  a  substantial  risk  of  death  and  injury  to  occupants 
and  others. 

Our  engineering  and  cost  estimating  study  considers  a  range  of 
upgrading  options,  from  the  minimal  acceptable  level  to  much  higher 
levels  of  intervention.    For  the  most  typical  building,  costs  for  these 
various  levels  of  upgrading  range  as  follows: 

minimal  acceptable  upgrade:  $6-10/s.f. 

Level  1  upgrade  (equal  to  the  Los  Angeles  Class  III  and  IV 
requirements:  $16-21/s.f. 
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Level  2  upgrade  (equal  to  the  Los  Angeles  Class  II  requirements): 
$21-26/s.f . 

It  should  be  noted  that  additional  architectural  and    cosmetic  work 
associated  with  seismic  upgrading  could  easily  add  another  $20  to  $30  per 
square  foot  (or  approximately  $8,000  per  unit)  to  the  cost  of  seismic 
rehabi 1 i tation .  1 

Seismic  upgrading  expenses  of  this  magnitude  raise  a  number  of 
serious  policy  questions.    The  three  most  significant  policy  clusters  are 
mentioned  here: 

Effect  on  tenants:    The  most  immediate  concern  is  the  likely  effect 
of  such  imposed  costs  on  tenants  in  low  and  moderate  income  units.  If 
costs  are  passed  through,  can  the  tenants  afford  to  pay  the  increased 
rents  necessary  to  amortize  an  expense  of  $2,000  to  $10,000  per  unit? 
Will  demolition  lead  to  significant  displacement?    Both  temporary 
relocation  (during  renovation)  and  permanent  relocation  assistance  must 
be  considered. 

Concern  is  also  focused  on  landlords:    Is  it  fair  to  require  the 
owners  of  low  and  moderate  income  housing  to  bear  the  burden  of  bringing 
previously  "lawful  structures  up  to  presentday,  rigorous  standards?  If 
rent  pass-throughs  are  prohibited  or  limited,  and  buildings  become 
uneconomic  due  to  the  expense  of  upgrading,  will  landlords  be  required  to 
provide  housing  at  a  financial  loss,  or  will  they  be  permitted  to 
demolish  substandard  buildings,  taking  them  out  of  the  rental  market 
altogether?    Can  subsidies  or  cost  savings  be  found  to  mitigate  the 
effects  of  upgrading  on  building  owners? 

What  level  of  upgrading:    Finally,  regardless  of  who  bears  the  cost, 
is  the  increase  in  safety  associated  with  "complete"  (i.e.,  up  to  current 
code)  upgrading  worth  the  cost,  either  in  an  absolute  sense,  or  relative 
to  other  potential  expenditures  on  public  safety  or  housing?  Considering 
the  multiple  layers  of  uncertainty  associated  with  seismic  risks,  is  it 
possible  to  make  rational  decisions  with  respect  to  upgrading 
requi  rements? 

SEISMIC  RISK  ASSESSMENTS 

There  is  a  rich  body  of  literature  on  public  policy  approaches  to 
risk  management,  including  risks  arising  from  natural  disasters.    The  key 
point  is  that  risk  reduction,  however  measured,  is  not  free;  decision 
makers  must  weigh  a  variety  of  policy  objectives  when  determining  the 
degree  of  risk  reduction  that  should  be  mandated.    It  is  useful  to 
consider  three  of  these  general  risk  assessment  approaches  to  the  seismic 
retrofit  problem. 


'in  the  Los  Angeles  ordinance,  buildings  with  fewer  than  100  occupants  are  categorized 
Class  III  and  IV,  while  "high  risk"  Class  II  buildings  are  those  with  over  100  occupants. 
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Building  hazard  indexes  -  This  approach,  implemented  in  Long  Beach  as 
the  "balanced  risk  concept, "2  begins  with  the  adoption  of  a  socially 
acceptable  level  for  the  risk  of  death  due  to  earthquakes,  and  then 
derives  building  standards  that  will  impose  that  level  of  risk  on 
building  occupants  over  the  life  of  the  building.    The  "acceptable"  level 
of  risk  was  determined  by  the  City  Council  to  be  one  death  per  one 
million  people  exposed  per  year  to  existing  buildings.    Use  of  a  constant 
risk  factor  means  that  buildings  with  longer  life  spans  and  with  larger 
numbers  of  occupants  must  be  upgraded  to  higher  standards  than  other 
bui ldings . 

Cost-benefit  and  Cost-effectiveness  studies  -  The  balanced  risk 
concept  described  above  does  not  weigh  the  costs  and  benefits  of 
upgrading  existing  buildings,  or  any  particular  existing  building.  Many 
analysts  have  argued  that  this  type  of  approach  is  an  inefficient  use  of 
society's  resources.    Many  have  argued  that  the  optimum  level  of  building 
safety  must  be  derived  from  weighing  the  costs  and  benefits  of  safety 
improvements,  and  only  requiring  those  improvements  for  which  benefits, 
measured  in  dollars,  exceed  costs.    Since  the  costs  and  benefits  of 
upgrading  different  buildings  will  vary,  these  analysts  consider  the 
determination  of  a  pre-set,  acceptable  risk  of  death  for  all  buildings  to 
be  arbitrary  and  inefficient.    Instead,  upgrading  options  must  be 
considered  separately  for  each  building,  and  no  particular  improvement 
should  be  re-quired  unless  it  returns  net  benefits  to  society. 

One  problem  with  using  cost-benefit  analysis  in  the  life  safety 
arena,  however,  is  that  to  measure  upgrading  costs  against  lives  saved, 
it  is  necessary  to  determine  the  dollar  value  of  a  life  saved  in  a  future 
earthquake.    As  discussed  below,  the  value  of  even  a  "statistical  life" 
is  extremely  difficult  to  determine,  and  is  essentially  an  arbitrary 
judgment  by  the  decision-maker.    For  this  reason,  analysts  prefer 
cost-effectiveness  evaluations,  rank-  ordering  potential  upgrading 
options  according  to  their  cost  in  dollars  spent  per  life  saved. 

For  example,  in  a  study  on  upgrading  of  existing  unreinforced  masonry 
buildings  in  Boston,  the  author  demonstrates  that  the  cost  per  life 
saved,  would  increase  by  a  factor  of  ten  (from  $240,000  to  $2,560,000) 
between  a  minimal  policy  of  tying  floors  and  walls  together,  and  a  more 
stringent  requirement  to  add  interior  shear  walls.    This  cost  escalation 
is  due  in  large  part  to  the  fact  that  over  a  50  year  period  the  number  of 
lives  saved  by  the  minimal  upgrade  policy  would  be  37,  while  more 
stringent  requirements  would  only  increase  the  number  of  lives  saved  to 
41 .3 


2john  Wiggins,  "The  Balanced  Risk  Concept:    new  approach  to  earthquake  building  codes," 
Civil  Engineering  August  1972,  pp.  55-59. 

3  A  number  of  very  thorough  analyses  of  this  sort  have  been  done  by  Elisabeth  Pate-Cornell. 
See,  e.g.,  "Costs  and  Benefits  of  Seismic  Upgrading  of  Some  Buildings  in  the  Boston  Area," 
Earthquake  Spectra  Vol.  1,  No.  4,  August  1985. 
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In  other  words,  once  minimal  improvements  were  made,  a  10%  increase 
in  lives  saved  would  require  a  1000%  increase  in  costs.    In  another 
study,  the  same  analyst  calculated  that  in  the  San  Francisco  Bay  Area,  it 
would  cost  $6  million  per  life  saved  to  implement  the  1973  UBC  for  new 
buildings,  and  $22  million  per  live  saved  to  upgrade  existing  buildings 
to  this  standard^.    This  study  did  not,  however,  evaluate  the  costs  of 
benefits  associated  with  upgrading  existing  buildings  to  standards  less 
demanding  than  the  1973  UBC. 

The  final  step  in  cost-effectiveness  decisions  is  to  fix  the  balance 
point,  the  point  at  which  the  costs  of  increased  safety  are  found  to 
exceed  its  benefits.    Decision-makers  using  cost-effectiveness  analysis 
for  seismic  risk  management  must  therefore  make  a  policy  determination  as 
to  the  value  of  a  life  saved  in  order  to  fix  upon  the  appropriate  level 
of  life  safety  to  mandate. 

There  are  many  ways  to  determine  the  value  of  a  life  saved,  including 
the  projected  earnings  approach,  average  jury  awards  in  wrongful  death 
cases,  risk  premiums  for  hazards  employment,  and  public  expenditures  on 
life  safety.    These  are  discussed  in  the  next  section. 

Comparative  social  risks  -  A  more  far-reaching  approach  to  life 
safety  compares  seismic  risks  to  other  forms  of  risk  in  society.  There 
are  two  reasons  to  perform  this  analysis.    First,  knowledge  of  what  risks 
are  generally  accepted  in  society  may  guide  the  decision-maker  in 
determining  what  level  of  life  safety  to  mandate  in  the  construction  and 
rehabilitation  of  buildings.    Second,  if  cost-effectiveness  curves  could 
be  produced  for  a  variety  of  social  investments  in  different  fields  of 
life  safety,  it  would  be  possible  to  compare  investments  in  seismic 
upgrading  to,  say,  investments  in  fire  code  enforcement  or  traffic  safety 
improvements . 5    Decision-makers  considering  a  seismic  safety  ordinance 
must  consider  that  ever-increasing  levels  of  seismic  safety  may  detract 
resources  from  other,  more  effective  investments  in  life  safety.  The 
relative  nature  of  "acceptable  risk"  is  acknowledged  by  the  Building 
Seismic  Safety  Council,  an  independent,  voluntary  body  established  under 
the  auspices  of  the  National  Institute  of  Building  Sciences.    The  council 
defines  acceptable  risk  as: 

a  probability  of  social  or  economic  consequences  due  to  earthquakes 
that  is  low  enough  (for  example  in  comparison  with  other  natural  or 


^Pate',  M.E.,  "Acceptance  of  a  Social  Cost  for  Human  Safety:  A  Normative  Approach," 
Proceedings  of  the  2nd  U.S.  National  Conference  on  Earthquake  Engineering  (Stanford 
University,  1979.) 

c  Si..  • 

JThis  approach  is  set  out  generally  in  Chauncey  Starr,  "Social  Benefit  Versus  Technological 
Risk,"  Science  Vol.  165,  19  September  1969,  and  David  Okrent,  "Comment  on  Societal  Risk," 
Science  Vol.  208,  25  April  1980.    The  topic  is  explored  with  particular  reference  to 
seismic  risk  in  G.  Grandori  and  0.  Benedetti,  "On  the  Choice  of  the  Acceptable  Seismic 
Risk,"  Earthquake  Engineering  and  Structural  Dynamics  Vol.  2  (1973). 
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man-made  risks)  to  be  judged  by  appropriate  authorities  to  represent 
a  realistic  basis  for  determining  design  requirements  for  engineered 
structures,  or  for  taking  certain  social  or  economic  actions. 

Such  a  definition,  by  itself,  does  not  offer  much  guidance  to 
decision-makers  beyond  the  suggestion  that  seismic  risks  are  acceptable 
if  they  are  comparable  to  other  accepted  risks  in  society.  Evidence 
suggests  that  socially  accepted  risks  vary  quite  significantly  across  a 
wide  range    of  activities.      Chauncey  Starr  calculated  the  risk  of  death 
resulting  from  exposure  to  or  participating  in  a  number  of  activities, 
including  automobile  travel,  airline  travel,  smoking,  use  of  firearms, 
and  skiing  and  compared  to  them  the  "background"  levels  of  risk 
associated  with  disease  and  natural  disasters.    In  general,  he  discovered 
that  the  public  is  willing  to  accept  "voluntary"  risks  (e.g.,  risk  of 
death  from  smoking)  roughly  1000  times  greater  than  "involuntary"  risks 
(e.g.,  risk  of  death  due  to  natural  disasters  or  the  use  of  electric 
power).    He  concluded  that  "we  are  loathe  to  let  others  do  unto  us  what 
we  happily  do  to  ourselves."6    As  another  researcher  concluded,  "society 
uses  the  word  safe  in  a  vague  and  'inconsistent'  fashion. "7 

However  inconsistent  apparently  acceptable  risks  may  be  across 
various  types  of  activities,  comparative  risk  analyses  do  support  two 
useful  conclusions.    The  first  is  that  society  obviously  finds  some  risks 
"acceptable,"  depending  on  the  type  of  exposure,  the  benefits  of  the 
activity  involved,  the  cost  of  greater  safety,  and  other  factors.    We  do 
not  pursue  zero-risk  solutions  and  in  fact  face  and  accept  significant 
risks  on  a  daily  basis.    The  second  conclusion  is  that  (other  factors, 
such  as  distributional  equity,  being  equal)  risk-reduction  investments 
should  be  made  so  as  to  maximize  the  total  lives  saved  in  all  exposure 
categories.    By  this  logic  it  would  be  socially  inefficient  to  spend 
$800,000  to  save  a  life  through,  say,  improvements  in  bridge  design  if 
lives  could  be  saved  for  only  $300,000  through  better  enforcement  of  fire 
codes . 

Despite  the  logic  of  the  "least-cost  investment"  principle  just 
described,  public  and  private  decisions  establishing  the  value  of  life 
safety  vary  to  a  remarkable  degree.    One  study  of  wage  differentials  in 
high-risk  occupations  suggested  that  the  labor  market  values  risk 
reduction  at  about  $340,000  (in  1981  dollars)  per  life  saved.8  Another 
occupational  study  for  more  typical  job  risks  established  $1,000,000  per 


°Starr,  op.  cit.,  p.  1235. 
^Okrent,  op.  cit.,  p.  372. 

8Thaler,  R.  and  S.  Rosen,  "The  Value  of  Saving  a  Life:  Evidence  From  the  Labor  Market,"  in 
D.E.  Terleckys  (ed.),  Household  Production  and  Consumption,  New  York:  Columbia  University 
Press  (1975).    pp.  265-297. 
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live  saved  as  the  appropriate  figure. y    The  Nuclear  Regulatory 
Commission's  standards  for  occupational  exposure  to  radiation,  in 
contrast,  required  investments  of  up  to  $1,000  per  manrem  of  exposure 
reduction,  which  yielded  a  value  of  $5,000,000  (in  1975  dollars)  per 
premature  death  deferred. 10 

A  great  deal  of  attention  has  been  given  to  this  issue  in  the  area  of 
transportation  safety,  and  here  as  well  one  sees  a  wide  range  of 
investments  per  life  saved.    David  Okrent  reports  that  the  French 
government  spent  approximately  $30,000  per  life  saved  through  road 
accident  prevention,  but  $1,000,000  per  life  saved  through  aviation 
accident  prevention  J 1    The  National  Academy  of  Sciences  reported  that 
$200,000  per  life  saved  (in  1975  dollars)  was  a  general  bench-mark  for 
evaluating  the  efficiency  of  investments  in  such  features  as  extra  lanes, 
highway  dividers,  and  improved  guardrails.1?    Other  transportation 
analyst  used  $300,000  in  the  same  time  period.    One  study  of  seatbelt  use 
suggests  that  automobile  users  value  a  saved  life  at  $260, 000. 13  While 
figures  noted  here  cover  a  wide  range,  they  may  nevertheless  be  helpful 
in  a  general  way  to  decision-makers  considering  investments  in  seismic 
risk  reduction.    However  it  must  be  noted  that  explicit  comparisons  are 
not  possible  in  the  present  study  since  we  have  not  attempted  to  estimate 
the  statistical  likelihood  of  deaths  due  to  the  collapse  of  URM  buildings 
in  San  Francisco,  either  with  or  without  implementation  of  a  mandatory 
retrofit  ordinance. 


ySee  William  Schulze,  et  al,  "An  Economic  Analysis  of  the  Benefits  and  Costs  of  Seismic 
Building  Codes,"  Proceedings  of  Earthquakes  and  Earthquake  Engineering  (September  1981). 

^okrent,  op.  cit.  at  374. 

Hid. 

^J.  Linnerooth,  "The  Evaluation  of  Life  Saving:  A  Survey,"  IIASA  (1975). 

13G.  Blomquist,  "Value  of  Life"  Implications  of  Automobile  Seat  Belt  Use,"  (1977). 
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POLICY  OPTIONS  FOR  SAN  FRANCISCO 


Although  the  three  approaches  to  seismic  risk  assessment  noted  above 
are  quite  different,  they  all  represent  factors  that  decision-makers 
should  take  into  account  in  forming  a  seismic  rehabilitation  policy. 
Other  factors  being  equal,  buildings  with  larger  numbers  of  occupants 
should  be  upgraded  more  rapidly  and  to  higher  standards  than  other 
buildings.    At  the  same  time,  choices  among  design  standards  should  be 
based  on  careful  weighing  of  their  costs  and  benefits.  Finally, 
decision-makers  must  weight  investments  in  seismic  safety  against 
investments  in  other  life  safety  areas  in  order  to  select  the  most 
appropriate  level  of  seismic  safety  to  seek. 

Three  important  characteristics  of  this  situation  are  noted  below: 

1.  Retrofit  standards  may  logically  differ  from  standards  for  new 
construction. 

When  first  confronting  the  retrofit  problem,  most  decision-makers 
will  assume  that  the  standards  for  new  construction  are  also  appropriate 
requirements  for  renovation.    This  1s  not  necessarily  so,  even  though 
less  stringent  standards  appear  discriminatory,  imposing  (depending  on 
one's  point  of  view)  higher  costs  on  new  builders,  or  higher  risks  on 
tenants  of  older  buildings.    To  begin  with,  it  is  helpful  to  consider 
that  existing  buildings  vary  widely  in  their  seismic  risk 
characteristics,  depending  on  site,  design,  building  materials,  the  code 
in  effect  at  the  time  of  construction,  and  the  quality  of  building 
maintenance.    Establishing  moderate  retrofit  standards  for  older 
buildings  does  not  create  a  "two  class"  safety  system;  it  improves  the 
position  of  pre-code  buildings  along  a  continuum.    State  legislation 
(S.B.  445,  enacted  1979)  recognizes  this  reality,  enabling  local 
governments  to  impose  lower  standards  for  reconstruction  of  existing 
hazards  than  for  new  construction.    The  City  of  Santa  Ana  adopted  a 
moderate  retrofit  ordinance  for  pre-code  buildings  in  1980,  estimating 
that  the  standard  of  rehabilitation  required  for  pre-1934  buildings  would 
bring  them  to  a  level  of  life  safety  comparable  to  the  code  levels  in 
effect  in  the  1940's. 

Different  standards  are  also  logical  on  a  cost-benefit  basis,  since 
it  costs  more  to  retrofit  to  the  clrrent  standards  than  it  does  to  meet 
those  standards  in  new  construction.    Moreover,  the  distribution  of  costs 
and  benefits  is  not  symmetrical.    Building  new  construction  to  tougher 
codes  imposes  costs  chiefly  on  middle  to  upper-income  tenants  and  buyers, 
while  upgrading  older  buildings  imposes  costs  chiefly  on  moderate  and 
lower-income  tenants  and  their  landlords. 

2.  As  risk  is  reduced,  cost  rises  exponentially. 

Seismic  upgrading  resembles  other  arenas  of  risk  reduction  in  that 
the  cost  of  risk  reduction  rises  exponentially  as  greater  and  greater 
degrees  of  safety  are  reached.    Generally  speaking,  the  risks  associated 
with  building  failure  are  deaths,  injuries,  and  structural  damage 
(property  losses).    Because  individual  buildings  and  site  characteristics 
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are  so  variable,  and  earthquake  characteristics  are  unpredictable,  it  can 
never  be  known  with  certainty  just  what  risks  are  associated  with  a  given 
building  standard.    However,  it  will  be  much  more  expensive  to  upgrade 
buildings  to  protect  against  the  risk  of  structural  damage  than  it  will 
to  protect  "life  safety"  only. 

Moreover  engineering  research  consistently  suggests  that  the 
cheapest,  most  dramatic  improvement  in  seismic  life  safety  in  URM 
buildings  can  be  obtained  simply  by  anchoring  the  walls  of  the  building 
to  the  floors  and  ceilings.    Beyond  this  initial  step,  marginal 
improvements  in  life  safety  and  associated  protections  against  property 
damage  are  increasingly  expensive.    The  benefits  of  particular 
improvements  are  more  difficult  to  quantify  than  the  costs,  but  it  is 
quite  possible  that  one  would  obtain  as  much  as  a  50%  reduction  in 
injuries  and  lives  lost  in  URM  buildings  for  the  first  10%  of  the  cost 
necessary  to  bring  the  buildings  up  to  current  code.    (Santa  Ana  expects 
an  80%  reduction  for  in  the  risk  of  death  or  serious  injury  costs  of  $6 
to  $7  per  square  foot.) 

3.    The  city  may  consider  a  wide  range  of  implementation  strategies 
in  addressing  the  problem  of  existing  URM  residential  structures. 

In  preparing  this  report,  we  have  evaluated  a  wide  range  of 
implementation  strategies  potentially  available  to  the  City  in  addressing 
the  residential  URM  problem.    Some  of  these  strategies  are  discussed 
below. 

Do  nothing.    A  seismic  upgrading  program  will  be  expensive, 
disruptive,  and  could  displace  a  large  number  of  low  and  moderate  income 
tenants.    In  the  absence  of  a  program,  the  number  of  URM  residential 
buildings  will  gradually  decrease,  and  (barring  a  damaging  quake)  the 
prob-lem  will  diminish.    There  may  be  resources  (for  example,  federal 
grants)  for  upgrading  in  the  future  that  do  not  exist  today.    Of  course, 
in  the  meanwhile,  thousands  of  City  residents  are  exposed  to  significant 
risk  of  death  or  injury  in  the  event  of  a  damaging  earthquake. 

Information  only.    The  City  can  attempt  to  influence  the  housing 
market,  creating  incentives  for  voluntary  upgrading,  and  warning  tenants 
of  their  risks  by  giving  public  notice  of  the  structural  seismic  risk  of 
individual  buildings.    This  notice  could  be  posted  prominently  on  the 
face  of  the  building,  or  could  be  placed  in  the  land  records,  or  both. 
(A  proposal  for  posting  notices  was  aggressively  opposed  and  defeated  by 
building  owners  in  Los  Angeles;  Palo  Alto  currently  places  some  seismic 
safety  notices  in  the  land  records.)    However,  since  low  income  tenants 
have  limited  discretionary  income,  it  is  unlikely  that  they  will  be  able 
to  bargain  effectively  for  improved  safety,  so  it  is  not  clear  what  good 
would  be  accomplished  by  providing  such  a  notice  in  San  Francisco. 

City-initiated  condemnation.    An  ordinance  might  declare  that 
pre-code  URM  buildings  may  be  declared  a  public  nuisance,  and  after 
suitable  notice  and  hearings,  could  be  abated  by  demolition  at  the 
owner's  expense.    An  owner  could  escape  demolition  only  by  upgrading  to 
specified  standards.    This  procedure  puts  a  heavy  procedural  burden  on 
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the  City,  and  is  unlikely  to  result  in  much  rapid  action.    It  could  also 
cause  the  loss  of  a  large  portion  of  the  low  income  housing  stock- 
Immediate  upgrade  v.  phased  compliance.    An  ordinance  might  establish 
a  fairly  rapid  schedule  for  compliance  with  specified,  final  standards, 
following  notice  to  affected  building  owners  based  on  the  City's 
inventory.    Alternatively,  the  ordinance  might  require  the  upgrading  of 
affected  structures  in  stages.    For  example,  owners  might  be  required  to 
install  wall  anchors  within  12  months,  but  be  given  3  or  more  years  to 
come  up  to  higher,  final  standards.    The  Los  Angeles  ordinance  gives 
owners  a  choice  among  three  options:    total  compliance,  anchors  first,  or 
demolition.    Under  the  total  compliance  option,  seismic  upgrading  is  done 
all  at  one  time,  and  must  be  completed  within  three  years  of  receipt  of 
notice  from  the  city.    Or,  an  owner  may  choose  to  proceed  in  stages, 
installing  anchors  within  one  year  and  completing  the  rest  of  the  work 
within  4  to  10  years,  depending  on  the  hazard  classification  of  the 
building.    Finally,  the  owner  may  demolish  the  structure  instead  of 
upgrading  it.    Experience  in  Los  Angeles  suggests  that  this  form  of 
phased  compliance  is  not  very  successful.    However,  we  believe  a  phased 
program  is  necessary  in  San  Francisco,  but  it  must  be  properly  managed. 

All  buildings  alike  v.  hazard  Index  overlay.    The  techniques 
described  above  could  be  applied  to  all  URM  residential  buildings 
equally,  or  they  could  be  applied  to  buildings  according  to  a  specified 
hazards  index.    The  Los  Angeles,  Santa  Ana,  and  Long  Beach  ordinances  all 
adopt  the  hazards  index  approach:    buildings  with  larger  numbers  of 
occupants  are  required  to  upgrade  more  rapidly  and  are  required  to  meet 
higher  design  standards.    This  is  a  useful  concept  when  comparing 
categories  of  greatly  dissimilar  buildings  —  e.g.,  hospitals  and 
auditoriums  vs.  duplexes.    However,  most  URM  residential  structures  in 
San  Francisco  are  of  the  same  general  size  and  population  exposure 
characteristics,  so  a  hazard  index  overlay  would  probably  not  be  very 
useful . 

CONCLUSION:  DESIGNING  A  SEISMIC  UPGRADING  PROGRAM 

As  the  preceding  discussion  indicates,  public  decision-makers  make 
risk-benefit  decisions,  either  implicitly  or  explicitly,  whenever 
determining  an  acceptable  level  of  seismic  safety.    A  "non-decision"  is 
of  course  a  decision  on  this  point  as  well.    Considering  the  high  levels 
of  uncertainty  involved  in  seismic  predictions,  and  the  importance  of 
value  judgments  in  life  safety  decisions,  public  policy  decisions  in  this 
realm  are  unlikely  to  satisfy  cost-benefit  purists.    To  design  a  workable 
public  program  decision-makers  must  consider  several  criteria: 

Equity:    Seismic  risks  and  regulatory  burdens  are  now  distributed 
unequally  throughout  San  Francisco;    any  URM  retrofit  program  will  alter 
this  distribution,  but  the  burdens  and  benefits  of  any  program  will  also 
be  distributed  unequally.    As  noted  above,  program  design  must  be 
sensitive  to  impacts  on  tenants,  owners,  and  taxpayers  alike.  In 
particular,  it  is  important  to  weigh  seismic  risks,  tenant  displacement 
and  community  disruption,  not  just  monetary  costs,  when  evaluating  the 
fairness  of  any  proposed  program. 
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Cost-effectiveness :    Since  funds,  both  public  and  private,  for 
seismic  upgrading  are  limited,  a  retrofit  program  must  be  designed  to 
apply  those  funds  in  the  most  effective  manner  possible.    For  most 
buildings,  the  greatest  improvements  in  life  safety  per  dollar  spent  will 
be  achieved  through  moderate  rather  than  total  upgrading  investments. 

Comparabi 1 i ty:    Decision-makers  must  evaluate  the  benefits  of 
investments  in  seismic  upgrading,  compared  with  investments  in  other  life 
safety  improvements.    This  does  not  mean  that  seismic  upgrading  should  be 
abandoned  if  other  more  cost-effective  investments  are  theoretically 
possible,  since  those  other  options  may  be  politically  or 
administratively  unavailable.    They  also  involve  different  equity 
considerations.    Nevertheless,  among  equally  available  alternatives, 
comparability  of  costs  and  benefits  must  be  considered  carefully. 

Financial  feasibility:    Many  otherwise  desirable  public  programs 
remain  unimplemented  because  the  funds  are  unavailable  to  accomplish 
them.    It  is  clearly  impossible  to  finance  a  seismic  upgrading  program 
solely  from  public  funds.    Financial  analysis  of  upgrading  options 
(detailed  elsewhere  in  this  report  reveals  that  upgrading  requirements 
will  have  to  be  limited  to  be  feasible  at  all,  and  that  a  broad  mix  of 
financing  strategies  will  have  to  be  employed. 

Administrabi 1 ity:    Implementing  a  seismic  upgrading  program  that 
respects  the  criteria  listed  above  is  a  complex  administrative  task. 
Public  administrative  costs  can  be  lowered,    but  usually  at  the  cost  of 
higher  private  costs  and  more  tenant  and  community  disruption.  No 
program  will  work  if  it  cannot  be  administered  effectively  and 
sensitively.    Program  design  must  reflect  this  reality. 

In  sum,  the  design  of  a  seismic  upgrading  program  is  a  challenging 
task,  requiring  the  joint  consideration  of  a  number  of  factors  by 
responsible  policy-makers.    In  this  report  we  have  not  attempted  todesign 
such  a  program.    We  have  however,  considered  the  criteria  noted  above, 
along  with  the  economic  and  engineering  data  developed  in  this  study. 
Broad  proposals  and  recommendations  based  upon  this  analysis  are  set  out 
in  the  next  chapter. 
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CHAPTER  V.    SUMMARY  OF  RECOMMENDATIONS 


The  thrust  of  this  study  has  been  to  bring  together  concerns  for  life 
safety  regarding  seismic  hazards  in  existing  unreinforced  masonry 
buildings,  with  strong  concerns  for  the  protection  of  San  Francisco's 
low-income  housing.    Because  the  majority  of  San  Francisco's  unreinforced 
masonry  residential  buildings  are  located  in  Chinatown,  the  Tenderloin, 
and  the  Bush  Street  corridor,  neighborhoods  which  house  the  city's 
lowest-income  populations,  the  situation  is  particularly  problematic. 
Before  making  our  recommendations  for  policies  for  improving  the 
buildings  with  minimal  disruption  to  the  community,  it  would  be  useful  to 
describe  the  impact  a  seismic  ordinance  has  had  on  housing  in  Los  Angeles. 

LOS  ANGELES  COMPARISON 

Although  several  California  cities  have  enacted  seismic  regulations 
for  existing  buildings,  Los  Angeles  is  the  only  such  city  with  a 
significant  number  of  URM  residential  buildings  in  downtown 
neighborhoods.    The  Los  Angeles  "Earthquake  Hazards  Reduction  Ordinance" 
was  enacted  in  February  1981.    The  ordinance  provides  two  alternatives 
for  bringing  a  building  up  to  code:    Alternate  I  allows  an  owner  three 
years  to  bring  the  property  to  full  compliance.    Alternate  II  allows  the 
owner  to  perform  the  work  in  two  phases.    The  first  phase  requires  the 
owner  to  install  wall  anchors  at  the  roof  and  floor  lines  within  one 
year.    The  second  phase  requires  completion  of  the  remaining  work 
necessary  for  full  compliance  in  three  to  seven  years. 

The  Department  of  Building  and  Safety  determined  that  there  were 
7,792  buildings  subject  to  the  ordinance  and  developed  a  15  year  program 
to  cite  approximately  2,000  essential  and  high  risk  buildings  within  the 
first  four  years  after  the  ordinance  was  enacted.    The  remaining  6,000 
buildings  were  to  be  cited  in  succeeding  years.    Building  and  Safety 
(B&S)  was  scheduled  to  begin  citation  of  residential  (medium  risk) 
buildings  in  1985.    In  September  of  that  year,  in  reaction  to  the  Mexico 
City  earthquake,  the  City  Council  amended  the  ordinance  to  accelerate 
compliance.    All  remaining  buildings  were  to  be  cited  within  18  months 
and  owners  would  have  no  more  than  3  years  to  achieve  full  compliance. 

This  meant  that  approximately  1,400  residential  buildings  containing 
34,000  housing  units  have  been  or  soon  will  be  put  on  notice.  Although 
the  process  of  rehabilitation  has  begun  on  only  about  2,000  units, 
estimates  are  that  at  least  1,200  people  have  been  evicted  so  far. 

The  Community  Development  Department  (CDD)  and  the  Community 
Redevelopment  Agency  (CRA)  have  allocated  resources  for  solving  seismic 
safety  problems.    These  agencies,  along  with  CDD's  Rent  Stabilization 
Division,  were  the  first  to  recognize  the  unforeseen  effects  of  the 
Earthquake  Hazards  Reduction  Ordinance. 

CRA  has  assisted  in  funding  the  upgrading  of  201  units  while  CDD  has 
assisted  1,733  units  in  39  buildings,  using  a  combination  of  funding 
sources  (Community  Development  Block  Grant  CCDBG,  HUD  312,  HUD  Rental 
Rehabilitation,  Tax  Exempt  Bonds,  Owner  Cash  and  private  lenders).  From 
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this  experience  they  have  found  the  average  costs  per  unit  to  be  $3  - 
5,000  per  unit  for  full  seismic  compliance!  and  $1,000  per  unit  for 
anchoring  walls  and  floors.    In  addition,  many  owners  have  opted  to 
combine  earthquake  rehabilitation  with  substantial  code  and  cosmetic 
renovations?.    The  average  cost  per  unit  for  these  improvements  has  been 
$1,000  per  unit  for  fire  safety  compliance  and  $8,000  per  unit  for  other 
rehabi 1 i tation3. 

The  result,  under  current  city  law,  is  that  the  buildings  renovated 
with  assistance  from  city  funds  are  being  taken  out  of  rent  control  and 
can  command  rent  increases  of  as  much  as  $250  per  month  per  apartment4. 
While  some  buildings  can  command  higher  rents,  and  the  city  can  provide 
some  Section  8  rental  assistance  to  some  tenants,  many  buildings  are 
economically  marginal,  and  these  units  represent  a  hous  ing  resource  that 
is  almost  exclusively  utilized  by  low  income  tenants,  including  a  high 
percentage  of  senior  citizens  on  fixed  incomes.    It  is  feared  that  these 
tenants  will  be  displaced  either  by  steeply  escalated  rents  or  by 
demolition  of  these  units  because  the  cost  of  the  work  required  outweighs 
the  income-producing  capacity  of  the  building. 

An  added  misfortune  for  tenants  is  that  it  is  very  difficult  and 
inefficient  to  do  the  renovation  work  with  the  tenants  in  place.    And  yet 
if  major  rehabilitation  work  involves  seismic  upgrading,  landlords  are 
exempt  from  paying  relocation  assistance.    If  earthquake  repairs  were  not 
involved  owners  would  have  to  pay  evicted  tenants  up  to  $2,500  to  move. 

It  is  not  fair  to  label  landlords  as  the  "bad  buys"  in  this  situation 
since  they  are  bearing  the  brunt  of  the  cost  of  seismic  repair.    When  the 
ordinance  was  passed,  city  officials  assumed  more  state  and  federal  aid 
would  be  available.    Further,  renovation  costs  have  been  higher  than 
originally  anticipated,  and  the  new  tax  reform  law  provides  fewer 
incentives  for  real  estate  investments. 

In  November  of  1986  the  Community  Development  Department  recommended 


'in  Los  Angeles  full  code  compliance  is  equivalent  to  level  1  in  this  study. 
7 

In  most  cases,  federal  funds  will  require  that  all  building  code  violations  be  corrected, 
and  private  lenders  want  to  see  cosmetic  improvements  in  order  justify  the  increase  in 
building  value  the  rehabilitation  loan  represents. 

q 

^Department  heads  are  more  comfortable  with  average  costs  per  unit  than  costs  per  square 
foot  because  of  tremendous  variations  building  by  building;  however,  CDD  has  stated  that 
rough  square  footage  costs  are  approximately  $10/s.f.  for  seismic  and  $30/s.f.  for  total 
rehabilitation. 

^The  city  average  for  rehabilitated  units  has  been  over  $200  per  month. 
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to  the  Governmental  Operations  Committee^  and  to  the  City  Council  that  a 
six  month  moratorium  on  evictions  for  seismic  rehabilitation  be  enacted 
in  order  to  analyze  alternatives  that  would  mitigate  the  impact  on  the 
housing  stock,  owners,  and  residents.    At  the  time  of  this  writing,  no 
decision  as  been  reached,  but  the  Council  is  considering  the  issue. 

IMPLICATIONS  FOR  SAN  FRANCISCO 

There  are  a  great  many  similarities  between  Los  Angeles  and  the  San 
Francisco  circumstances.    The  majority  (70%)  of  San  Francisco's  20,000 
residential  units  and  5,000  "tourist"  hotel  units  are  in  Chinatown,  the 
Tenderloin,  and  the  Bush  Street  Corridor,  where  the  population  is 
predominantly  low-income  with  a  high  percentage  of  senior  citizens.  Like 
Los  Angeles,  some  buildings  (particularly  in  the  Bush  Street  area  and 
outer  edges  of  the  Tenderloin)  would  be  prime  candidates  for 
rehabilitation  and  gentrif ication.    Also  like  Los  Angeles  many  Chinatown 
and  Tenderloin  buildings  are  economically  marginal.    For  these  buildings 
a  seismic  ordinance  poses  a  threat  to  building  owners  as  well  as  tenants. 

Unlike  Los  Angeles,  San  Francisco  has  the  additional  problem  that  one 
neighborhood,  Chinatown,  has  been  and  continues  to  be  valued  as  a  unique 
historic  and  cultural  setting.    As  such,  decisions  that  affect  the 
physical  fabric  of  this  neighborhood  must  be  carefully  considered.  San 
Francisco  also  has  a  much  lower  vacancy  rate  than  Los  Angeles.    There  are 
very  few  housing  options  for  Chinatown  and  Tenderloin  residents. 

Further,  building  costs  are  much  higher  in  San  Francisco  than  Los 
Angeles.    The  average  cost  per  room  for  seismic  upgrade  is  $4,000  - 
$6,000  in  San  Francisco  as  compared  to  $3,000  -  $5,000  in  Los  Angeles. 
This  is  because  labor  costs  are  generally  higher  in  San  Francisco  and 
construction  is  more  difficult  when  buildings  are  built  out  to  the  lot 
line  and  bearing  walls  are  adjacent. 

Thus  we  can  assume  that  total  rehabilitation  costs  in  San  Francisco 
under  a  Los  Angeles-style  ordinance  would  be  well  in  excess  of  $10,000 
per  unit,  because  owners  would  want  to  make  other  building  repairs  at  the 
same  time  that  seismic  work  was  undertaken.    Essentially  this  implies 
that  San  Francisco  would  face  all  of  the  same  problems  that  Los  Angeles 
is  currently  experiencing:  financing  the  rehabilitation,  relocation  of 
tenants  lost  housing  units  and  increased  rents. 


°The  information  in  this  section  is  based  on  a  report  to  the  Government  Operations 
Committee  by  Douglas  S.  Ford,  General  Manager,  Community  Development  Department  Rent 
Stabilization  Division,  City  of  Los  Angeles,  "Seismic  Safety  Impacts  and  Issues  on 
Residential  Rental  Housing,"  Nov.  13,  1986;  a  newspaper  article  by  Penelope  McMillan, 
"Standards  Put  Units  Beyond  Poor's  Reach,"  ?Los  Angeles  Times?  Nov.  23,  1986;  testimony  at 
the  State  Seismic  Safety  Commission  in  Sacramento,  Ca.  by  Craig  Avery,  Director  of  Housing 
for  the  Community  Development  Department,  City  of  Los  Angeles;  and  site  visits  and 
interviews  by  Principal  Investigator,  Mary  Comerio. 
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RECOMMENDATIONS 


The  data  analysis  developed  in  this  study  parallel,  to  a  substantial 
degree,  the  conclusions  developed  from  experience  in  implementing  the  Los 
Angeles  ordinance,  and  the  recommendations  proposed  here  draw  on  both 
sources.    A  key  lesson  is  the  conclusion  that  an  engineering-only 
approach  to  this  issue  cannot  succeed.    It  will  be  necessary  to  develop 
and  implement  a  package  of  regulatory  and  funding  mechanisms  to  meet  the 
goals  of  the  city,  neighborhood  groups,  building  owners,  and  tenants. 

In  brief,  we  recommend  that  the  city  enact  a  seismic  rehabilitation 
ordinance  that  requires  owners  to  complete  a  basic  minimum  upgrade  as 
appropriate  for  each  building.    For  most  buildings,  this  means 
installation  of  shear  bolts  and  wall  anchors;  additional  bracing  may  be 
required  as  a  minimum  for  particular  buildings.    In  order  to  protect  the 
low  income  housing  stock  and  the  rights  of  tenants,  the  seismic  ordinance 
must  contain  provisions  to  discourage  demolition  of  URM  buildings  unless 
replacement  housing  is  provided.    The  ordinance  must  also  be  crafted  to 
work  with  the  city's  rent  control  ordinance  to  ensure  adequate  relocation 
assistance  and  to  control  rent  increase  pass-throughs .    The  city  must 
seek  adequate  funding  to  assist  owners  in  upgrading.    Finally,  the  city 
should  carefully  manage  and  phase  implementation  of  a  seismic 
rehabilitation-  program  in  order  to  minimize  its  impacts  on  tenants, 
owners,  and  low-income  housing  opportunities. 

These  recommendations  are  set  out  in  more  detail  in  the  sections 
below. 

Engineering  Requirements 

As  detailed  at  length  in  this  report,  complete  seismic  upgrading  to 
current  code  requirements  is  neither  cost  effective  nor  socially 
desirable  in  San  Francisco.    We  recommend  that  the  city  enact  a  seismic 
upgrading  ordinance  for  pre-code  URM  buildings,  containing  the  following 
elements : 

Pre-code  URM  buildings  must  be  upgraded,  at  a  minimum,  with  a 
shear  bolt  and  wall  anchor  system. 

In  addition,  each  building  must  be  evaluated  and  must  meet 
minimum  engineering  standards  with  regard  to  three  especially 
vulnerable  features:    torsional  problems,  vertical 
discontinuity,  and  long  diaphragm  span. 

The  city's  code  for  these  measures  should  be  modeled  on  the 
Uniform  Code  for  Building  Conservation,  which  acknowledges  and 
accepts  unique  existing  building  conditions  and  relies  on  "sound 
engineering  judgment"  to  devise  appropriate  measures  to  increase 
building  safety. 

Finally,  the  city's  ordinance  should  provide  that  compliance 
with  seismic  upgrade  requirements  does  not  force  full  compliance 
with  all  other  elements  of  the  building  code. 
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Demolition  Controls 


One  of  the  chief  concerns  with  the  implementation  of  an  upgrading 
ordinance  is  the  fear  that  it  will  lead  to  demolition  of  existing,  scarce 
affordable  housing.    Some  owners  are  already  anxious  to  convert  their 
properties  to  commercial  use;  others  will  find  the  cost  and  problems  of 
upgrading  prohibitive. 

Experience  in  Los  Angeles  is  not  reassuring.    As  of  July  1986,  owners 
had  demolished  approximately  600  commercial  buildings  (10%  of  the 
commercial  buildings  cited  for  upgrading).    The  impact  on  the  residential 
stock  may  be  much  greater,  despite  the  city's  concerted  effort  to  provide 
funding  for  seismic  rehabilitation.    Los  Angeles  has  only  recently  begun 
to  cite  residential  buildings,  but  the  Building  and  Safety  Department 
estimates  that  346  buildings  have  been  or  shortly  will  be  demolished, 
instead  of  being  upgraded.    Although  the  city  has  already  provided  over 
$20  million  in  financial  assistance  to  building  owners,  this  money  has 
resulted  in  renovation  of  only  39  buildings  or  1,733  of  their  34,000 
residential  units  affected. 

Any  seismic  ordinance  implemented  in  San  Francisco  must  anticipate 
the  demolition  problem: 

The  ordinance  should  prohibit  demolition  of 

seismically-substandard  housing  units  unless  replacement  housing 
is  provided  before  the  demolition  occurs. & 

Financial  assistance  must  be  provided  to  owners  placed  in  an 
untenable  financial  position  by  upgrading  requirements. 

The  city  must  enact  strict  commercial  zoning  controls  in  key 
neighborhoods  in  order  to  limit  incentives  for  demolition  and 
conversion  and/or  speculation  on  URM  housing  sites. 

Meshing  With  Rent  Control 

The  seismic  rehabilitation  ordinance  must  be  crafted  so  as  to  work 
effectively  with  the  city's  rent  control  ordinance.    Three  issues  must  be 
addressed : 

Relocation:    There  will  be  a  need  for  relocation  assistance  for 
tenants.    The  current  ordinance,  however,  does  not  provide 
relocation  assistance  when  units  must  be  vacated  for 
rehabilitation.    The  ordinance  should  require  relocation 
assistance  for  involuntary  relocation,  but  should  also  be 


°We  recognize  that  because  of  extremely  deteriorated  conditions,  unusual  building 
configuration,  or  other  special  circumstances,  some  buildings  may  be  too  costly  to  save 
even  by  minimal  upgrading  standards.    In  such  cases  the  City  may  want  to  provide  special 
assistance  to  the  building  owner  in  meeting  replacement  housing  requirements. 
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crafted  to  provide  incentives  for  voluntary,  temporary 
relocation  during  the  rehabilitation  process. 


Substantial  rehabilitation:    The  rent  control  ordinance  provides 
that  an  owner  may  evict  tenants  without  a  right  of  re-entry  when 
units  will  be  substantially  rehabilitated.    It  is  quite  possible 
that  thorough  seismic  upgrading  would  pass  the  threshold  of 
"substantial  rehabilitation"  as  defined  in  the  ordinance.  Such 
units  are  permanently  exempt  from  rent  control  when  they  are 
returned  to  the  market.    The  city  should  exclude  seismic 
rehabilitation  work  as  an  element  in  "substantial 
rehabilitation"  to  foreclose  this  possibility. 

Rent  pass-through:    The  rent  control  ordinance  allows  an  owner 
to  pass  through  costs  for  non-cosmetic  improvements  over  a 
ten-year  amortization  period.    Interest  on  the  expenditures  may 
be  imputed  and  recovered  at  10%,  unless  government  loans  have 
been  provided  at  an  interest  rate  of  less  than  10%.    The  San 
Francisco  ordinance  yields  a  more  favorable  response  than  the 
Los  Angeles  ordinance,  which  allows  amortization  over  only  five 
years.    As  a  result,  improvements  at  the  rate  of  $5000/unit 
could  result  in  a  rent  increase  of  $lll/month  in  Los  Angeles, 
compared  with  $66/month  in  San  Francisco.    The  city  should  seek 
to  minimize  rent  pass-through  by  stretching  the  amortization 
period  for  seismic  upgrading  to  15  years,  by  lowering  the 
imputed  interest  rate  allowed,  and  by  providing 
government-backed  financing  at  favorable  terms  to  the  maximum 
extent  possible. 

Financing  Seismic  Rehabilitation 

The  seismic  rehabilitation  program  presents  a  dilemma;  since  public 
funds  for  housing  assistance  are  limited,  application  of  funds  to  seismic 
rehabilitation  will  detract  from  funds  available  for  new  construction, 
rent  subsidies,  or  other  types  of  rehabilitation.    Choosing  among  these 
alternatives  obviously  raises  policy  questions  for  city  officials  that 
are  outside  the  scope  of  our  study.    If  life  safety  is  to  be  improved  in 
these  buildings,  however,  it  is  obvious  that  public  assistance  will  be 
necessary.    Any  seismic  upgrading  ordinance  must  include  a  commitment  to 
target  substantial  public  loan  and  grant  monies  for  that  purpose.  The 
following  funding  sources  should  be  examined: 

Federal  grants  and  loans:    Seismic  upgrading  should  be  given 
priority  for  all  federal  funds  for  building  rehabilitation. 
Matching  grants  of  up  to  $5000/unit  are  available  through  the 
federal  rental  rehabilitation  program  if  70%  of  a  building's 
tenants  are  low-income.    The  city's  allocation  is  only  about  $1 
million  per  year,  so  these  funds  are  not  likely  to  assist  many 
units  unless  seismic  upgrading  is  given  the  highest  priority, 
and  a  low  per-unit  allocation  is  imposed.    Non-profit  owners  of 
multi-family  buildings  may  also  qualify  for  low  interest  (6%) 
loans  through  the  Community  Housing  Rehabilitation  Program, 
funded  by  CDBG  grants.    As  much  as  $1.9  million  may  be  available 
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for  all  purposes  in  calendar  year  1987.    HUD  also  operates  the  Section 
312  loan  program,  which  provides  direct  federal  loans  to  owners  of 
predominantly  low-income  buildings.    The  city  receives  no  specific 
allocation,  and  it  is  unclear  how  much  assistance  will  be  available 
through  this  source  in  the  future. 

State  of  California  programs:    The  State  of  California 
administers  at  least  three  loan  programs  that  might  be  tapped  to 
underwrite  seismic  upgrading.    The  Special  User  Housing 
Rehabilitation  Program  provides  30-year  loans  available  only  for 
SRO  buildings  with  100%  low  income  occupancy;  up  to  $10,000/unit 
is  available  under  favorable  terms.    The  Deferred  Payment 
Rehabilitation  Loan  Program  provides  similar  loans  on  somewhat 
less  favorable  terms  to  non-SRO  buildings.    The  Multi-Family 
Rehabilitation  Program  can  provide  relatively  low-cost  funds  to 
selected  buildings. 

Tax-exempt  bonds:  The  City  of  San  Francisco  should  join  with 
other  affected  jurisdictions  in  an  appeal  to  the  state  to 
structure  a  tax  exempt  bond  issue  designed  to  provide  funds  for 
seismic  upgrade  programs. 

Potential  City  of  San  Francisco  Programs:    At  the  present  time, 
there  is  no  obvious  source  of  funds  for  seismic  rehabilitation 
among  the  city's  housing  programs.    The  Housing  Af fordabi 1 i ty 
Fund,  funded  through  the  City's  General  Fund,  may  not  be 
continued  and  would  be  unlikely  to  provide  significant 
assistance  in  any  event.    Resources  of  the  Office-Affordable 
Housing  Production  Program  are  targeted  on  producing  new  units 
and  cannot  be  used  on  existing  occupied  buildings.    It  would  be 
theoretically  possible  to  use  these  funds  to  conserve  low  income 
housing  in  conjunction  with  a  seismic  rehabilitation  ordinance, 
but  such  a  decision  would  require  a  departure  from  the  focus  of 
the  OAHPP  to  date. 

The  city  must  therefore  carefully  explore  new  opportunities  to 
finance  seismic  upgrading.    The  following  suggestions  (by  no 
means  an  exhaustive  list)  should  be  considered:    tax  exempt 
bonds,  tax-increment  financing  using  the  Community  Reinvestment 
Act,  exactions  through  development  agreements  and  other 
development  permissions,  and  additional,  dedicated  fees  for 
building  permits  (a  surcharge  on  permit  applications  has  been 
proposed  in  Los  Angeles). 

Private  loan  sources:    Particular  attention  should  be  given  to 
improving  the  availability  of  private  loans  for  seismic 
rehabilitation  work.    Private  owners  of  low  income  rental 
structures,  particularly  residential  hotels,  commonly  have  great 
difficulty  obtaining  private  financing  for  rehabilitation  work 
of  any  kind.    The  city  might  well  be  able  to  improve  this 
situation  by  establishing  a  loan  guarantee  program  for 
supervised  seismic  upgrading,  in  conjunction  with  local  banks, 
S&L's  and  other  funding  sources.    The  city  should  explore  the 
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potential  for  obtaining  loans  from  unconventional  sources,  e.g., 
insurance  companies  with  a  vested  interest  in  minimizing  losses 
in  the  event  of  an  damaging  earthquake. 

MANAGING  A  RESPONSIBLE  UPGRAOING  PROGRAM 

This  study  underscores  the  fact  that  the  URM  housing  stock  in  San 
Francisco  is  a  critical  resource  that  is  qualitatively  different  from  the 
URM  housing  stock  in  other  cities  with  seismic  upgrading  ordinances.  A 
large  number  of  units  are  involved;  moreover,  those  units  represent  an 
irreplaceable  resource,  central  to  the  life  of  the  neighborhoods  in  which 
they  are  concentrated.    For  those  reasons,  the  city's  seismic  upgrading 
ordinance  must  be  implemented  very  carefully  in  order  to  conserve  the 
resource  being  upgraded,  and  to  minimize  the  disruptive  effects  of  the 
upgrading  process.    Such  a  program  should  contain  the  following  elements: 

We  recommend  that  the  City  develop  a  20-year  program  for 
implementation  of  seismic  upgrading.    A  phased  program  is 
necessary  to  make  effective  use  of  the  region's  engineering  and 
construction  resources  and  to  minimize  "seismic  upgrade  shock" 
on  tenants  and  owners. 

The  City  should  take  an  active  role  in  the  upgrading  process  by 
obtaining  housing  for  temporary  relocation  of  tenants  during  the 
rehabilitation  of  their  buildings.    Such  temporary  relocation 
will  be  less  disruptive  to  tenants  and  less  costly  to  owners, 
since  the  rehabilitation  work  can  proceed  more  quickly  without 
tenants  in  place.    Tenants  should  also  be  offered  an  incentive 
to  find  temporary  housing  on  their  own. 

Buildings  should  be  cited  for  upgrading  on  a  block-by-block 
basis,  so  that  tenants  and  owners  will  know  when  their  block 
will  be  upgraded,  and  can  make  plans  accordingly.  Furthermore, 
block-by-block  upgrading  will  achieve  net  safety  gains  by 
ensuring  that  contiguous  buildings  are  upgraded  together.  It 
will  also  be  more  convenient  for  contractors  to  work  on 
neighboring  buildings  in  a  planned  manner.    For  all  of  these 
reasons,  a  block-by-block  program  is  superior  to  a  random 
citation/upgrading  program. 1 

The  City  must  carefully  match  the  number  of  buildings  cited  for 
upgrade  per  year  to  the  ability  of  all  parties  to  engineer, 
construct,  finance  and  inspect  rehabilitation  units.    An  annual 
work  plan  will  respect  the  limits  of  the  city's  staff,  available 
professionals,  and  financial  resources. 


'While  the  block  by  block  upgrading  approach  has  planning,  economic,  and  structural 
benefits,  the  city  should  take  advantage  of  voluntary  upgrading  opportunities.    If  a 
building  owner  intended  to  rehabilitate  a  building  for  other  reasons,  the  seismic  work 
should  be  required,  even  if  that  building  was  scheduled  for  upgrade  requirements  at  a 
future  date. 
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To  avoid  serious  disruption  of  neighborhoods  and  the  housing 
market,  the  seismic  upgrading  ordinance  program  must  proceed  in 
a  deliberate,  phased  manner.    The  key  elements  of  financing 
assistance,  tenant  assistance  and  ordinance  enforcement  must  be 
coordinated.    It  will  be  necessary  to  assign  responsibility  for 
the  seismic  program  to  a  central  manager  with  authority  to 
enforce  city  agency  coordination  —  which  is  necessary  to 
contain  costs,  to  pace,  finance  and  rehabilitation,  run  an 
efficient  citation/permit/  inspection  program,  and  minimize 
construction  time  and  tenant  disruption  in  each  building. 

CONCLUSIONS 

In  summary,  we  believe  a  retroactive  seismic  ordinance  in  San 
Francisco  is  necessary  to  adequately  protect  the  life-safety  of  the 
citizens.    However,  we  feel  it  would  be  a  mistake  to  enact  a  building 
code  ordinance  that  simply  addressed  the  engineering  requirements  for 
improving  unreinforced  masonry  buildings.    The  data  presented  here  leads 
us  to  conclude  that  a  carefully  crafted  ordinance  is  necessary  to  improve 
the  quality  of  the  existing  building  stock  and  preserve  low-income 
housing  in  downtown  neighborhoods.    Such  an  ordinance  would  include: 

1.  A  building  code  with  specific  minimum  standard  and  an  extended 
time  frame  for  housing  rehabilitation. 

2.  Demolition  controls  to  protect  the  housing  stock. 

3.  A  revision  of  the  Rent  Stabilization  Ordinance  with  special 
provisions  for  seismic  upgrading  to  protect  tenants  from  severe 
rent  increases. 

4.  A  program  for  providing  tenants  with  temporary  housing  while 
their  buildings  undergo  seismic  retrofit. 

5.  A  financing  program  to  assist  building  owners  in  obtaining 
low-interest  loans,  tax  credits  and  other  financial  assistance. 

6.  A  city-sponsored  management  team  to  provide  coordination  between 
the  Bureau  of  Building  Inspection,  Planning,  Housing  and 
Economic  Development,  Rent  Stabilization,  and  other  city 
agencies  that  would  be  involved  in  or  affected  by  the  program. 

This  implies  that  the  implementation  of  such  an  ordinance  must  be  as 
carefully  designed  as  the  ordinance  itself.    The  materials  in  this  study 
describe  the  issues  that  should  be  addressed.    The  challenging  work  ahead 
is  to  create  a  sensitive  ordinance  that  endorses  both  seismic  safety  and 
housing  conservation  as  policy  priorities. 
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